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4600 

INTERNATIONAL 
MUSIC SYNTHESIZER 



In this booklet we describe 
the construction of a music 
synthesiser-the International 
4600. This synthesiser Is a 
full scale unit with a 
programming patchboard 

making it suitable for studio 
use. It is constructed in a 
modular form which gives a 
high degree of flexibility 
allowing constructors to 
tailor the instrument to their 
own requirements. 

Another booklet is aval table* 
giving details of the 
International 3600 Synthesiser, 
a relatively inexpensive 
model that is basically 
designed as a portable, 
limited capability instrument 
for stage work. 

*Publlcation date tentatively 
February 1976. 



EXPERIMENTATION in electronic 
music has been carried out since the 
earliest days of vacuum tube 
technology. One of the earliest 
pioneers in the field was B.F. Meisner 
who published the article "Design 
Considerations for a Versatile and 
simple Electronic Musical Instrument" 
in 1935. By the late 40's the electric 
piano and organ had become well 
established, but very few real advances 
were made. Even in the early 60's, the 
electronic-music studio consisted 
simply of a variety of tape recorders, 
filters and other devices which were 
used to modify the sounds of 
conventional instruments. 
The first real breakthrough came in 
1 965 with the introduction of the first 
commercial Voltage Controlled 
Electronic Music Synthesizer designed 
by Robert Moog. Since then 
development has been rapid indeed, 
and in just eight years synthesizers 
have become one gf the most versatile 
and flexible of electronic musical 



instruments. Today they are used 
extensively by both popular and 
classical musicians to create new and 
exciting sounds. 

Very soon after Moogs' revolutionary 
voltage-control concepts were 
introduced, the use of a digital 
computer was proposed -as a means of 
extending the basic system and 
providing real time control of 
synthesizer operation. During recent 
years much work has been pioneered 
on digitally generated "computer 
music". This concept however, despite 
its Incredible potential, is still in its 
infancy, and dependent for 
advancement on further technological 
developments. 

The basic genius of voltage control is 
its conceptual simplicity, and although 
the method of implementation has 
changed much since 1965, the concept 
itself has not. Moog proposed that the 
basic sound sources, such as electronic 
oscillators and random noise 
generators, be electronically generated 
and that these sources be modified in 
amplitude and frequency by other 
electronic devices. The resultant 
signals would then be processed 
conventionally with reverberation and 
multi-track tape techniques. This in 
itself was not revolutionary but Moog 
proposed that all these generation and 
modification functions be VOLTAGE 
CONTROLLED. He then designed 
such circuitry - and the Voltage 
Controlled Music era had begun. 

Voltage control implies that the 
oscillator frequencies (and/or 
harmonic structure), the gains of 
mixer/amplifiers and the cut-off 
frequencies of timbral-deter mining 
filters could all be changed by a 
control voltage. It need not be a 
constant voltage. Indeed one oscillator 
could control another's frequency 
which in turn could control another, 
and so on. The complexity of sounds 
thus generated defy classical 
description, some of them are 
subjectively very pleasant, some are 
not, but they all are creative. 
Conventional sounds that can be 
specified in terms of amplitude, 
frequency and timbre can now be 



artificially produced and, if desirable, 
the specifications can be changed to 
"improve" the basic effect. 

It was indeed fortunate that much 
research had been previously 
conducted into the structure of 
conventional instrumental sounds and 
consequently musicians such as Walter 
Carlos (responsible for the recording 
"Switched on Bach") were able to 
speedily demonstrate the versatility of 
the voltage controlled synthesizer and 
thus ensure its widespread acceptance. 



The Commonwealth Copyright 
Act (1968) vests in the 'maker 
of a work' the exclusive right to 
reproduce, publish and adapt 
that work for a specified period 
of time, (generally the life of the 
'maker' plus fifty years). 

Commercial manufacturing 
organisations should clearly 
understand that such copyright 
extends to all plans, drawings, 
circuit diagrams, photographs 
etc. in this book. 

Commercial organisations are 
also asked to note that certain 
aspects of this design are the 
subject of provisional patents. 
These are: - 

Provisional Patent 3650, - 
method of generating sawtooth 
waveforms. 

Provisional Patent 3651, - 
method of switching resistors in 
voltage controlled filters. 



DESIGN PHILOSOPHY 



The International Voltage Controlled 
Synthesizer has been developed as a 
"state of the art" system. Extensive 
use has been made of digital 
techniques and CMOS has been used as 
the primary logic family. 

No compromises have been made 
that would hinder expansion of the 
system to keep pace with the 
ingenuity or finances of its owner. The 
basic modules have been selected so 
that the unit will be just as suited to 
studio use as it is for a live "onstage 
environment." 

In this unit, a 484 point patchboard 
system is used to facilitate the 
rapid selection of various equipment 
configurations. 

Separate headphone and main output 
level controls and switches are 
provided to ease on-stage cueing of the 
device. 

All control voltages and generated 
waveforms have the same limits (zero 
and +5 volts), so that control and 
signal voltages are directly 
interchangeable. 

The unit requires only a 240 volt ac 
supply (the synthesizer is not critically 
dependent on either the voltage or 
frequency of this supply), and an 
external power amplifier and speaker 
for normal operation. The headphone 
output will supply in excess of one 
watt. This is adequate to drive a small 
monitor speaker if an external 
amplifier is not available. Any dc 
offset voltages inherent in the circuitry 
are nulled in the initial construction. 
The keyboard intervals are also tuned 
during initial construction and will not 
require readjustment unless the unit is 
unusually roughly handled. 

VOLTAGE CONTROLLED 
OSCILLATORS (VCO) 

Four VCO's are provided in this 
unit. Each VCO is switchable to 
the output waveforms listed below:- 

Sine, Triangular, Sawtooth, Reverse 
sawtooth. Pulse wave (including 
square- wave with variable mark-space 
ratio). 

The fourth oscillator can provide 
two simultaneous outputs. In all 
oscillators, great care has been 
taken in the design to ensure 
purity of waveform. 

Each oscillator covers the frequency 
spectrum 0.1 Hz to 10 kHz in eight 
ranges. There are LO, 32ft, 16ft, 8ft, 
4ft, 2ft, 1ft and %ft. The seven top 
ranges are tuned exactly one octave 
apart and the "LO" range is provided 
to generate sub-audio frequencies for 
special effects. 

The oscillators are completely linear 
over the upper 10 octaves of their 



range and several fed from the one 
control voltage will "track" accurately 
over the entire keyboard. 

CONTROLLER 

The model 4600 has a Controller 
unit which provides an adjustable dc 
voltage and an ac coupled modulation 
level control. 

THE KEYBOARD CONTROLLER 

The keyboard is fully digital. 
Forty-eight separate voltages are 
generated as a four octave x 12 
semitone matrix. These are normally 
adjusted to produce an equal tempered 
scale. The output voltages (and hence 
oscillator pitch) have negligible 
temperature dependence nor will they 
change significantly as the unit ages. 

This method used for voltage 
generation is completely different 
from, and its performance superior to, 
all other keyboard controllers details 
of which have been previously 
published. Most other keyboard 
controllers generate a linear pattern of 
voltages which are then converted to 
the required semitone values in an 
exponential converter, or by using an 
exponentially controlled oscillator. 
These exponential converters usually 
rely upon the characteristics of a 
transistor emitter base junction in 
which the temperature drift is 
substantial, resulting in the semitone 
interval having to be retuned every 
time the unit is played. 

A fully variable "glide" (or 
"portamento") facility is provided, 
with a companion on/off switch. An 
"Absolute Pitch" control allows 
continuous transposition over 
several semitones. 

The keyboard also generates a trigger 
output which goes from -7 to +7 volts 
whenever a key is pressed and returns 
to -7 volts when the key is released. A 
sample and hold circuit acts as a 
"memory" to maintain the control 
output voltage at the value of the last 
key pressed. (This enables the 
oscillators to maintain the last pitch 
selected until another key is pressed). 

VOLTAGE CONTROLLED FILTERS 

Two VCF's are provided giving 
three separate filter characteristics: 
lowpass, bandpass and highpass 
The cut-off slopes in all modes are 
40 dB decade, using easily 
reproduced two-pole active filters. The 
cutoff frequencies are a linear function 
of control voltage over a minimum 
range of 50 Hz to 5 kHz. Thus a filter 
and an oscillator fed from the 
keyboard (gr, of course, any other 
control source) wilt track each other 
automatically. This also, is a feature 
not usually availabe in commercial 
equipment. 

The filter characteristics do not 
change with a change in control 
voltage, that is, the Q factor is 
independent of frequency. 



NOISE SOURCE 

This generator produces an almost 
purely Gaussian white noise. A digital 
shift register with feedback is used to 
generate a pseudo-random binary 
sequence 2^^ bits long (262 144 
random points). Every second, about 
30 000 are generated and these are 
integrated (filtered) to provide a 
random noise signal. 

The spectral purity of this white 
noise is much better than those 
methods which use a Zener diode or 
noisy transistor as the source. In 
addition no component selection or 
tuning procedure is required. 

THE ENVELOPE GENERATOR 

This module modifies the 
amplitude-time characteristic of a 
continuous input tone to give it 
"attack" and "decay" characteristics. 
A unique envelope is generated as 
shown in Fig. 1A. 

All slopes are variable over a 
minimum range of five milliseconds to 
five seconds and the delay is adjustable 
from "off" - in which mode slope 3 is 
initiated only when the keyboard 
trigger goes to zero — to a maximum 
of approximately three seconds. This 
unique feature allows simulation of 
very fast attack-decay instruments 
(vibraphones, for example). The 
envelope generator contains a voltage 
controlled amplifier that is 
switchable to either linear or 
square-law control characteristics. 
Provision is also made for an external 
trigger (other than that from the 
keyboard) to initiate the envelope. 

Fig. 1A. Characteristics of envelope 
generator. 



I DELAY 1 I 



HOLD DCLAV 



lETART LEVEL 



<£VING INTERVAL 



FINAL LEVEL 



THE TRANSIENT GENERATOR 

Two types of transient generator are 
used, type A and type B. Type A is 
primarily used to modulate the 
keyboard output voltage, such that 
transients can be generated on 
Qscillator and filter outputs during the 
formation of a single note. The 
4600 has two generators, one 
type A known as TRANSIENT 2, and 
one type B known as TRANSIENT 1. 

The type B generator is basically 
similar to the envelope controller but 
does not include a voltage controlled 
amplifier. Hence its output is a dc 
waveform and not a modulated 
envelope as in the envelope generator. 
This unit may be used as an envelope 
control if required in conjunction with 
one of the ring modulators. 



The type A transient generator is a 
unique feature, as an infinite variety of 
output functions are available. 

When a trigger is received, nothing 
happens until a preset delay (delay) 
has elapsed. Slope is then initiated 
until the hold level is reached. Delay 2 
is initiated on the completion of delay 
1 after which Slope 2 begins and 
continues until the final preset level is 
reached. 

For example if the following settings 
are made:- 

START LEVEL 

DELAY! 2 

SLOPE 1 2 

HOLD LEVEL +5 

HOLD DELAY 2 

SLOPE 2 2 

FINAL LEVEL -2 

then the keyboard output voltage when 
a key is pressed would be modified 
as shown in Fig. 2A. 
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Fig. 2A. 



Such an output would, when applied 
to an oscillator, cause it to commence 
the note in tune, raise it say one 
octave higher and then drop one 
octave lower. This frequency 
modulation of the oscillator can create 
some very interesting and pleasing 
sounds. The number of semitones or 
octaves shifted up or down is uniform 
over the entire keyboard range, the 
design range is plus or minus two 
octaves. Usually however this signal 
would be used to control a VCF (in 
the bandpass model being fed from a 
complex waveform (considerable 
harmonic content). Upon pressing a 
key the above waveform would cause 
the filter to commence at the timbre 
as selected by the VCF "tune" 
control, sweep up to the higher 
overtones and finish on the lower 
components. 

Although this diagram may be 
typical, the start hold and final levels 
may be varied as required. 

This timbral change allows the 
simulation of instruments such as the 
piano as well as the generation of new 
sounds which are quite different to 
those from basic instruments. 



AMPLIFIERS 1 AND 2 

These units are fitted to the 
International 4600 only and are in 
effect voltage controlled amplifiers 
which serve a dual function as selected 
by a mode switch. 

When the "Ring modulator" mode is 
selected the unit effectively multiplies 
the two input functions. Thus if either 
is zero, the output is zero. If one input 
is a dc control voltage varying between 
zero and +5 volts then the output will 
consist of the other input function 
with an amplitude linearly controlled 
by the dc control voltage. 

The other mode merely ac couples 
the input and in this mode the unit 
may be used as a general purpose 
amplifier. 



MIXERS 

Five mixers are used in the 4600, all 
are direct coupled and hence may be 
used for control voltages or signals. 

Mixers 1 to 3 are used solely for 
mixing the outputs of oscillators 1 to 
4 and there is no access to their inputs. 
Mixers 4 and 5 have two inputs each, 
their outputs however may be 
paralleled to provide one four-input 
mixer. 



OUTPUT EQUALIZER AND 
VOLUME CONTROL 

All signals are passed through a five 
section equalizer. This signal is then 
mixed with the same signal after 
passing through a spring reverberation 
unit. The reverberation control acts 
like a crossfader allowing the 
proportions of direct signal and 
reverberation to be controlled. The 
combined signal is then passed to an 
output amplifier and to a headphone 
amplifier each of which has an 
independent level control. A switch is 
provided to switch off output if 
required. 
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JOYSTICK CONTROL 

A joystick is fitted to the model 
4600. It is accessible via the patch 
board and may be used to control, for 
example, two oscillators 
simultaneously, but differentially. 
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THE PERCEPTION OF SOUND 

Loudness 

The most basic characteristic of a sound is its 
loudness. The apparent loudness of a sound is a 
function of its intensity, or level, but there are three 
main factors which affect our perception of that 
intensity. 

The first factor is that of the response 
characteristics of the ear, Our hearing can 
accommodate a huge range of sound intensity, but 
our perception of that intensity is not linear but 
logarithmic. To double the apparent loudness of a 
source, its intensity must be increased at least eight 
times. This Is the reason for the use of exponential 
converters in the synthesizer, they are there to change 
a linear signal change to a subjectively linear 
(logarithmic) signal change. 

The second factor is the frequency — dependent 
sensitivity of our hearing mechanism. This is 
expressed graphically in the well-known 
Fletcher-IVIunson equal loudness level contours (Fig. 

3.) 

These show that as the intensity of a sound is 
reduced there is a considerable reduction in hearing 
sensitivity in the bass region relative to that in the 
midrange. 

This phenomenon accounts for the difference in 
apparent loudness between (say) a 200 Hz sine wave 
and a 200 Hz sawtooth wave. The savrtooth wave 
contains high harmonic content and although its 
overtones are not the same intensity as the 
fundamental, our hearing is more sensitive to them. 
As the effective loudness of a complex sound is 
dependent on the algebraic sum of the loudnesses of 
each component of that sound, we hear the sawtooth 
as being much "louder" than the sine wave, although 
their amplitudes may be identical. 

The third factor affecting perceived loudness is the 
duration of the sound. It takes a finite time for our 
hearing to react to the presence of a sound and to 
analyse its characteristics. 

Sounds which are very short in duration (.01 
seconds, or 10 miMiseoonds) are perceived as being of 
lower loudness than they actually are (in addition 
very little pitch information is gathered from such a 
short burst of sound). Further, when the ears have 
become conditioned to the presence of a sound there 
is a gradual drop in apparent loudness. 

When we synthesize very short attack transients we 
must allow for this lack of sensitivity and this means 
a much larger overshoot is required than would 
otherwise seem necessary. 

Absolute Pitch Although perception of pitch Is not 
precisely logarithmic, an exponential characteristic 
comes fairly close to producing equal subjective pitch 
change from a linear input. (Fig. 5.) 



Fig. 3. Equal loudness 
contours (Fletcher- 
Munson) 
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Musical Pitch Two tones whose frequencies differ by 
a factor of 2 are said to be one octave apart. This 
octave is usually divided into twelve increments, 
known as sennitones which differ from eadi other by 
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Fig. 6. The 'envelope' of a sound is the variation of its 
intensity with time. 

a factor of the twelth root of 2 (^2^/^^ .059463). 

Such a musical scale is termed "equal -tempered" 
and is used for all keyboard instruments. There are 
also several so called "just" or "true" scales that are 
based on harmonic structure. A musical textbook 
should be consulted if further information on these 
scales is required. 

All previous voltage controlled synthesizer designs 
have been able to obtain "equal tempered" intervals 
only. The digital keyboard incorporated in both the 
synthesizers described in this series can be adjusted to 
these "just" scales, this should only be considered by 
a competent musician and is generally unnecessary. 
Frequencies of the fundamental tones of each 
semitone in the effective musical scale are shown in 
Table 1 . 

Envelope The envelope of a sound is the variation of 
its intensity with time as shown in Fig. 6. The rate of 
variation of the envelope is very slow compared with 
the time variation of the sound itself (sine wave 
shown in Fig. 6. is the base sound.) Although the 
envelope is symmetrical about zero it is usually 
referred to in terms of the modulus. 



TABLE 1 






THE TEMPERED SCALE 










OCTl 


OCT 2 


OCT 3 


OCT 4 


OCT 5 


OCT 6 


OCT 7 


OCT 8 


OCT 9 


OCT 10 


F 


21.8 


43.7 


87.3 


174.6 


349.2 


698.5 


1396.9 


2793.8 


5587.7 


11175.3 


F# 


23.1 


46.2 


92.5 


185 


370 


740 


1480 


2960 


5920 


11839.8 


G 


24.5 


49 


98 


196 


392 


784 


1568 


3136 


6272 


12543.9 


G# 


26-0 


51.9 


103.8 


207.7 


415.3 


830.6 


1661.2 


3322.4 


6645 


13289.8 


A 


27.5 


55 


110 


220 


440 


880 


1760 


3520 


7040 


14080 


A# 


29.1 


58.3 


116.5 


233.1 


466.2 


932.3 


1864.7 


3729.3 


7458.6 


14917.2 


B 


30.9 


61.7 


123.5 


246.9 


493.9 


987.8 


1975.5 


3951.1 


7902.1 


15604.3 


C 


32.7 


65.4 


130.8 


261.6 


523.3 


1046.5 


2093 


4186 


8372 


16744 


C# 


34.6 


69.3 


138.6 


277.2 


554.4 


1108.7 


2217.5 


4435 


8869.8 


17739.7 


D 


36.7 


73.4 


146.8 


293.7 


587.3 


1174.7 


2349.3 


4698.6 


9397.3 


18794.5 


D# 


38.9 


77.8 


155.6 


311.1 


622.3 


1244.5 


2489.7 


4978 


9956.1 


19912.1 


E 


41.2 


82.4 


164.8 


329.6 


659.3 


1318.5 


2637 


5274 


10548.1 


21096.2 
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Timbre The timbre of a musical sound is the 
characteristic that makes it possible to distinguish 
between two tones having the same intensity and 
fundamental frequency, but different waveforms. It 
expresses our ability to recognize the sound of a 
violin as different from that of a trumpet, even 
though the two instruments may be playing with the 
same pitch and loudness. 

To describe analytically the timbre of a sound we 
must specify the frequencies of all the constituent 
components {termed "Partials") of that sound and 
their respective envelopes. (This group of envelopes is 



referred to as the 'Complex Envelope' of a sound). 

The partials may not necessarily be harmonic, 
indeed many natural sounds have partials which are 
inharmonic. For example, the frequency of the 
fifteenth overtone of middle C on a piano, is greater 
than sixteen times the fundamental frequency 
{middled. 

With an electronically generated waveform, 
however, the overtones are direct multiples of the 
fundamental, and so a miscellany of different 
oscillators must often be used when attempting to 
simulate the sound of a "natural instrument". • 



INTERNATIONAL 
MUSIC SYNTHESIZER 



For ease of construction and greater 
reliability and stability of the 
synthesizer, extensive use has been 
made of integrated circuits of both 
analogue (operational amplifiers) and 
digital (CMOS). Hence this is not a 
recommended project for the beginner 
unless he has available the help of 
someone with experience. 

Although the synthesizer can be built 
without the aid of test equipment, 
qorrect operation can only be assured 



by the use of some equipment. 

The most important instrument is 
most certainly an oscilloscope together 
with an organ tuner or digital 
frequency meter and an accurate dc 
voltmeter {preferably digital). 

Components have been selected for 
use in the synthesizer on the basis of 



Constructional details of the voltage 

controlled oscillators and the keyboard 

controller 



availability, price and performance. 
Many people do not understand that 
this is a monophonic (one note at a 
time) instrument. That is, only one 
voltage at a time can be generated 
from the keyboard. Although a 
polyphonic instrument could be 
designed it would be considerably 
more complex and would virtually 
require a complete synthesizer for 
each note to be played simultaneously. 



The voltage controlled oscillator, showmg the assembly of board 
potentiometers and switches to the sub panel. 



The four oscillators and the keyboard controller shown assembled to 
the front panel. 





CONSTRUCTION 

General 

Each separate synthesizer module is 
constructed as an individual 
subassembly, and these subassemblies 
are mounted onto a common front 
panel It is recommended that plugs 



and sockets are used for all 
inter-wiring between modules, as this 
enables individual modules to be 
completely aligned and tested before 
installation on the front panel. It also, 
of course, facilitates later servicing. 
With circuitry as complex as that iri 



the synthesizer it is normal to use 
double-sided PC board. However, since 
this doubles the price of the boards we 
have elected to use single sided board 
with wire links where necessary. These 
have been kept as short, and as 
straight, as possible. 




Fig. 7. The voltage-controlled oscillator. 



Oscillators m 

Before nr>ounting any components on 
the PC board install the links as shown 
in Fig.8. Note that some of the 
links, due to the proximity of other 
components, must be insulated. Make 
sure when mounting the components 
that the orientation of IC's, transistors, 
capacitors and diodes is correct. It is 
recommended that IC sockets be used 
for IC3 and IC6. These ICs should not 
be fitted until ready for testing and 
shouW not be handled excessively. 
Leads leaving the PC board are 
numbered on the overlay and these 
numbers correspond to leads on the 
circuit diagram and Fig. 13 . 

The external potentiometers and 
switches are mounted on a small 
aluminium bracket (Fig.15 ) which 
also holds the PC board {see photo). 
The metal bracket is fitted to the PC 
board on the component side and not 
the copper side. 

Except for the power supply which 
has 6 wires (+14V, +7V, +5V, OV -7V, 
-14V) only two other wires leave the 
board. These are the input and the 



output. 

It is recommended that a plug and 
socket be used to connect the power 
supply from each module to the power 
supply board. Provision is made for 
this on the power supply board and 
the parts list contains the necessary 
order codes. 

Before switching on double check all 
soldering, component selection and 
orientation, and power supply 
connections. 

Keyboard Controller 

Construction of this module follows 
the same line as specified for the 
oscillator. Provided the links are kept 
straight no insulated links need be 
used. It is recommended that IC 
sockets be used on I CI, 3, 4, 5, 7, 16 
which are the CMOS devices. 

It is recommended that a plug and 
socket be used to connect the 
keyboard to this module as it allows 
easy removal of the front panel. The 
layout of the PC board allows for the 
use of a plug. 
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ALIGNMENT 
Oscillator 

This procedure will require the use of 
an oscilloscope and a digital frequency 
meter or organ tuner. 

Procedure: 

1. Connect all power rails to the 
power supply and, without any input 
connected to SW1, switch on. 

2. Select the 8 foot range and turn 
free run control fully clockwise. 

3. Select triangular waveform and 
observe the output waveform. This 
should be as per Fig.10aand go from 
to +5 volts. 



4. Select sawtooth waveform and 
observe the output. It will probably be 
similar to either Fig. 10b or Fig, lOc 
Adjust RV12 to obtain a straight line 
as in Fig.lOd 



( 

3 
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— 
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F/g. fi Linking required on the osciUator board. This should be instated before components are fitted. 




5. Select the y2foot range and turn 
the free run anti clockwise until the 
oscillator is just running. The 
waveform will appear as in Fig.lOeor 
Fig.10f. Adjust RV11 to obtain a 
straight line as in Fig. 10d. 



6. Adjust RV9 such that the 
oscillator is just running when 
"Freerun" is at zero. 



7. Select 8 foot, maximum free run 

and sine-wave output. Adjust RV14 

for best waveform as per Fig.lOh. 

Incorrect waveforms are shown in Fig. 

lOgand Flg.lOj. 



8. Adjust RV15 such that the 
waveform is 5 vo.lts peak-to-peak. 



9. Adjust RV16 such that the 



lowest edge of the waveform Is at zero 
volts. 

10. Check that all waveforms are 
selectable by SW2 and that the square 
wave output is correct as per Fig. 10k. 



The calibration of each range is best 
performed in conjunction with the 
keyboard controller. With the 
keyboard controller connected, select 
the top note of the keyboard, or if no 
keyboard is available, link pins 21 and 
33 on the keyboard controller. Hold 
this connection closed to eliminate 
drift and set keyboard tune, oscillator 
tune and free run controls all to zero. 
Adjust potentiometers RV1,-RV7 to 
obtain the frequencies appropriate to 
the range as per table 2. 

That completes the oscillator 
alignment. 



Fig. 9 Component overlay for the oscilfator. 




Fig. 10. 
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PARTS LIST OSCILLATOR 



OSCILLATOR - HOW IT WORKS 



Th« basic waveform g«ii«rattd by the 
oicltlator Is triangular. All othtr wavafortnt 
art g«n« rated by modification of tills basic 
waveform. 

The input voltafle, normally between zero 
and + 5 volts, is amplified In iCI. The tune 
control, RV10, controls the gain and can 
vary the output by a 2 to 1 ratio. With this 
control set at mid position, the output of 
ICI is approximately equal to, but in 
antiphase with, the input voltage. That Is, 
the stage has a gain of -1. Individual 
potentiometers on each switch position 
allow the ranges to be adjusted an exact 
number of octaves apart. Control RV9 
adiusts the offset of IC7 and RVI is the free 
run control. The output of ICI is therefore 
normally in the range zero to -5 volts, but 
can range up to -12 volb if the modulated 
output from the keyboard is being used. 
(See keyboard controller). 

The output of ICI Is mverted by IC2 to 
provide an identical voltage of opposite 
polarity, the offset of IC2 being adiusted by 
RV11. 

Integrated circuit IC3 is a solid state, dual, 
double-throw switch. If the input at A Is 
high (+7 volts) IC3/1 will be on and iC3/2 
will be off, and vice versa if the Input at A is 
low (-7 voitsj. The on resistance ii between 
200 and SCO ohms^and the off resistance is 
of the order of lO^' ohms. Diodes Ol and 
D2 protect the input of the switch against 
the application of excessive voltage. 

An integrator is constructed with IC4 and 
an integrating capacitor selected by SW.i. If 
IC3/1 Is on, the output of the integrator will 
be a linearly increasing voltage. Hence if 
IC3/1, 2 are switched alternately on and off. 



the output of IC4 will be a triangular wave. 

Transistor array ICS when connected to 
01 and IC6 acts as Schmitt trigger; where 
IC6 is simply a CMOS Inverter with IC6/1 
and IC$/2 connected to +7 and -7 volts and 
IC6/3 connected to zero and *ii volts. The 
output of IC6/3 provides feedback to the 
comparator section of the Schmitt trigger, 
and being a to +$ volt level, makes the 
Schmitt points and +5 volts. The output 
of IC6/1 controli the CMOS switches iC3/1 
and IC3/2 which hence derive a triangular 
wave from the integrator of to +5 volt 
amplitude. 

To generate a square wave of variable 
mark/space ratio, the triangular wave is 
simply compared to a dc level as set by the 
shape potentiometer (RV 17) by IC11, the 
output of which is buffered by Q2 and 
Q3 which ensure that the output his the 
correct levels of '0' and +S volts. 

The sawtooth waveform is generated by 
Inverting the triangular waveform in IC7 and 
level shifting to produce a waveform 180^ 
out of phase having to -5 volts levels. The 
output of these two waveforms is selected in 
turn by CMOS switches IC3/3 and IC3/4. 
These switches are controlled by either 
IC6/1 or IC6/2 dependant on the position 
of SW2 (reverse or normal sawtooth). The 
correct amplitude and level of the sawtooth 
is maintained by ICS. 

The sine wave output is generated by 
amplifying the triangular wave In IC9 to 
about IS volts peak-to'peak, symmetrical 
about zero. This signal 'is then clipped by 
the diode- resistor matrix to approximate a 
slnewave. This Is then level shifted and 
amplitude controlled by IC10. 




Fig. 10. 



TABLE 2 
















Adjust 


RVl 


RV2 


RV3 


RV4 


RV5 


RV6 


RV7 


Range 

Frequency 


32' 
329,6 


16' 
659.3 


8' 
1318.5 


4' 
2637 


2' 
5274 


r 

10548 


21096 



Keyboard Controller 

The equipment required is an 
oscilloscope, organ tuner or digital 
frequency meter and an oscillator 
module. 

Procedure: 

1. Connect power supply, oscillator 
(to key output) and a keyboard if 



available. 

2. Set kfey board tune and sweep 
controls to centre, glide to 'off. 
modulation to zero and oscillator free 
run to zero. 

3. Switch on and press the top note 
of keyboard, or link pin 33 to pin 21 
in the keyboard controller. 



Rl,29 


Min Res 120k 


R2, 4, 5, 19,25,41,45,46 Min Res 100k 


R3,9,17 


Min Res Ik 


R6 


Min Res 82k 


R7, 10, 11,12, 18,21 


Oxide 33k 


R8,22,42 


Min Res IM 


R13 


Min Res 680!: 


R14 


Min Res 470-.: 


R15,31 


Min Res 8k2 


R16,23,24,27,30 


Min Res 10k 


R20 


Min Res 4k7 


R26,32 


Min Res 27k 


R28 


Min Res 5b k 


R33,40 


Min Res 270.: 


R34,39 


Min Kes 56;; 


R35,38 


Min Res 120r 


R36,37 


Min Res 220i; 


R43 


Min Res ISOk 


R44 


Min Res 6gk 


RVl, 2, 3, 4, 5, 6, 7, 9, 11 




12-,13,13,1(> 


Vert S-Min Preset 




47k 


RVS 


Pot Log 25k 


RVIO 


Pot ].in 50k 


RVI4 


Vert S-Min Preset 




100k 


RVl 7 


Pot Lin 25k 


01,2,13.17.18 


Ceramic 33pF 


C3,15 


Ceramic 150pF 


C4, 20, 21, 22, 23, 24 


Tant 10 (if 25V 


CS.fo 


Mylar 0.O5nF 


C7 


Mylar 0.02i.F 


C8 


Mylar O.OlnF 




and 0.002uF in 




parallel 


C9 


Mylar O.OOSpF 


CIO 


Mylar O.OOS^F and 




0,005yF in 




series 


Cll 


Mylar 0,002nF and 




0,005uE in 




series 


C12 


Ceramic lOOpF 


C14 


Ceramic lOpF 


C16 


P.C. Elect IOCmF lOV 


C19 


Ceramic 3.3pF 


Ql,2 


MPS 3638A 


Q3 


FN 3643 


IC1,2,4,7,8.9,10,U 


m30lA 


IC3 


4416AE 


IC5 


CA3046 


IC6 


4007AE 


Di-De 


1N914 


SWl 


Maka Shaft, 2 off 




Maka Wafer Ip 11w 




and 1 pk Maka 




Spacer 


SW2 


Maka Shaft and 




Maka Wafer 2p 5w 


Other Pares 


Required 


1 Oscillator PCB 




1 Oscillator Mtg Bracket 


5 ISfim Collet Knob Black 


2 15nin Collet Indicator 


3 I5tm Collet Nut 


Cover 


2 Bolt 6BA l/4in. 




2 Nut 6BA 




2 Shakeproof Washer 6BA 


2 DIL Socket 14-pi 


n (for 1C3 and IC6) 


1 Wafercon Socket 


8-way 


8 Wafercon Tennlnals 



The above ccinponents are required for 
each oscillator; the following compo- 
nents are also required: 
For oscillator 1 - 
5 15mm Collet C^p Red 
For oscillator 2 - 
5 15mm Collet Cap Yellow 
For oscillator 3 - 
5 ISmm Collet Cap Green 
For oscillator 4 - 
1 15trdii Collet Knob Black 
1 15tnm Collet indicator 
5 15tTiir Collet Cap Blue 

1 Rotary Sw 6 
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3ft g8S8i8§?i8§8|SsS|SSs|8R8^8sg|8Ss|8gs|8,g ss 



s^ 
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4. Select Va foot on the oscillator and 
check that it is running. 

5. Turn the sweep control and check 
that it varies the output frequency. It 
will be found that there is a dead 
region tn approximately the centre of 
rotation where the oscillator 
frequency does not change. Set the 
knob such that zero on the scale 
occurs in the centre of this band. 

6. Release the key (or link) and short 
capacitor C9 to ground. Turn the 
sweep control to zero and then adjust 
RV18 until the oscillator is just 
running. This compensates for offsets 
in the ICs. 

7. Remove the short on C9, select 
the 4 foot range and depress the top 
note again. 

8. Adjust the output frequency by 
use of the oscillator tune control to 
2637 Hz. Calibration of the rest of the 
notes is then carried out in accordance 
with the order given in table 3. 

9. Check that if a second note is 
pressed, whilst the first is still pressed, 
that the frequency does not change. If 
it does check if Q6 is turned on in the 
two note condition; If it is, increase 
R24 to 12k. If Q6 turns on with a 
single note pressed decrease R24 to 
8.2k. 



10. Release all keys, short C9 to 
ground, set modulation control to zero 
and free run control' of the oscillator 
to obtain approximately 1 kHz. 
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Connect the output of the 
oscillator via a series 0.1 microfarad 
capac 
IC14 



dLur vid d series u. i microiaraa 
itor and piece of wire to pin 4 of 



1 2. Observe the output at I CI 5 pin 6 
and adjust RV24 to eliminate the 1 
kHz from the output. Now inject the 
signal into pin 9 of IC14 and adjust 
RV23 to remove the 1 kHz. 

13. Remove the signal input and 
adjust RV22 to provide zero volts 
output. 

14. Remove the shorting link on C9. 

15. Take a wire from the key out to 
pin 45 and press the second top E 
(connect pin 21 to pin 34). This will 
provide 2.5 volts into the exponential 
converter. Adjust R V20 to obtain zero 
volts at the output of ICl 3 pin 6. 

16. Turn the free run control of the 
oscillator to zero and measure the 
frequency when the 'key out' is used 
as the voltage source. Now use the 
'modulation out' as the signal and 
adjust RV19 for the same frequency. 
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TABLE 3 












CALIBRATION ORDER 




NOTE 


OCTAVE 


RANGE 


FREQ{Hz) 


ADJUST 


NOTES 


E 


TOP 






2637 


osc/tune | 


F 


TOP 






1396.9 


RVll 




D# 


TOP 






2489.7 


RVl 


RVl -RVIO may 


D^ 


TOP 






2349.3 


RV2 


be adjusted in 


C# 


TOP 






2217.5 


RV3 


any order as 


c 


TOP 






2093 


RV4 


there is no 


B 


TOP 






1975.5 


RV5 


interaction. 


A# 


TOP 






1865.7 


RV6 




A 


TOP 






1760 


RV7 




G# 


TOP 






1661.2 


RV8 




G 


TOP 






1568 


RV9 




F# 


TOP 






1480 


RVIO 




E 


2nd TOP 






1318.5 


RV13 


RV13-RV15do 


E 


2nd Lowest 






659.3 


RV14 


not interact and 


E 


Lowest 






329.6 


RV15 


can be adjusted 
in any order. 



KEYBOARD CONTROLLER - HOW IT WORKS 



A vettM* rMrtMntlnf tlHi s«t*ctMl note on 
tiM icflySMfd ii Utrlvttf from a nMi»««« 
divMar chain. Tba k«yb«ar4 li tflvWail Into 
4 oetavM aaeii vf It ii*l«t. TIm 4l«M«r 
chain ft27-R» provl4aa a v«Ha«» 
d«p«n4«iit oNy OR tha nota itsalf ra^ardlMi 
of tho oatava, Uiat It, tha tama voltafa 
rapraionti all At ate. Intaf nla4 olmull* \c\ 
4 and S ara CMOS twItehM whiah ara '09V 
tf tho control input Is iraator than -i^S volti 
and 'OPP» if tha control Input It at -7 volts. 
TlMM swttehas ara usad to salact tha 
lOdufrad voltafa which It buffarad by ICt to 
provant loadlnf tha dividar. 

To taloot tha roouirod oetava a saoend 
dividor chain. It43-R4t, It usod tha outeut 
baiR« saiaeta^ by iC7 and b«ff«i«d by ICt* 
Tharafora, by lalactinf ona swtteh «« IC». 4 
or 5 and ona switch of IC7. a total of ^ 
ditcrata voltaoaa may ba fanoratad. 

Tha feur^oelava kayboard is provldad wi^ 
slnHaHmaka contacts. On ona sida of tha 
contKts tvoiy twoi^ 9g» ■> JolRad. that li 

a tha At. all ^tha AJF ttc so that twalva 
ros corna out (soa Fif.l1). On tha ethar 
sIda of tha contacts mil contacts of an 
oetava ara Joined so ttiat 4 wiras coma out. 
Thus wa hava a 12 by 4 matrix. 

If a sin«la noim is saloetad, for %x%m^ A 
on tha saeond top oetava, a coniMction will 
ba mada bctwoan pins Zt and S4. Tha 
currant produced In RIO turns on Ck2 
cautlnf point (B) to fo hlfh. SlmHarty point 
• will go hlfh turmnfl on IC6/4 and IC7/2. 
This sataeto a dlsersto voltafa which 
rapratants note A on tha socond htfhost 
oetava. The process Is similar for any oHiar 
nota on the keyboard. 

Whan a stnfle nota It pressed the current in 
R1-R12 tuFM on QS eausinf Its coHaotor to 
fO law. If two or mora notes ara pressed 
sliiiii|l^nmM|y t^ ftMitlonal curreot 

-mvough R24 forward b'iasea. iSS^ turnfng it 

OR. TMa una thi aiUfttor o» C» tumini it 
off. Thus OS coKof tor It low only when one 
ttflfla nota h ^mmm. .^^ _ 

ContBCt bQunca on the trigger input is 
prevented by I CI. Transistors Q9. 10 and 
11 form a 5 mltllsecond time delay for the 
trigger control signal. Whan a key is 
pressed Q5 turns on and switches I CI/1 
which turns on Q9, 10 and 11. These then 
switch IC1/3 which squares up the signal 
to give tha trigger output. The total time 
lag between pressing the key and the 
production of the trigger signal is around 
20 milliseconds and the trigger signal 
continues for about 15 milliseconds after 
the l<ev is released. 

Q8 and IC17 form a sample and hold 
circuit which is capable of holding the 
required analogue voltage for a 10 
millisecond period. 07 and IC9 form the 
main somple and hold circuit and the 
voltage in the temporary store is transferred 
to the main memory after 5 milliseconds. 
Q7 and 08 are controlled bv IC16/4 and 



IC16/3 respectively which are controlled 
in turn by IC16/1 and IC16/2. 

These latter gates form a monostable 
which produces a 4 millisecond pulse every 
5 milliseconds. Potentiometer RV17 acts as 
a ^lide control by placing resistance in 
series with C9. 



To provide sweep control (that is a voltafa 
whleh can vary the frequency up and down 
smootMy over a tarpa ranfe), a voltafa Is 
doHvod from RV1« and mixed with tha 
output of ICt in IC10. Two diodes are 
Attod baek to baek. and In sarlas with RSI, 
to provide a dead band which faallitaiat 
setlinf of the xoro position. Since IC10 
Inverts the outout of ICP. IC11 Is used to 
reinvert to the required jpotarlty, and RVIf 
is used to cancel alt offset virfiafas ^m% to 
the charaettrlstlct of the linear tCs. 

A seeend output Is provtoed (mod ou^ui] 
urfilch Is nomiatty the same as tin key 
output but whiah may be modulated up or 
dM^R. The kei^oard output v<rttafa is not 
linear per note but eKoonwitlal. Henoa tiM 
voltaft chanta re«ulieo to shift up 1 oetava 
wilt depend on vidtere the start point is. 
Tberafon we mutt multiply Uie voltMW by a 
factor to obtain the eorreet shift. This Is 
done in IC14 and ICIS. which form a linear 
multiplier, where the output is the product 
of the inputs (pin 4 and pin t.Af IC14}. Mn 
f cofRM from ' the modulation 
potentlomeler Md pin 4 it the keyboant 
voltoM. The output of the mutttpiler it then 
adiMto the keyboard voltafa In IC12. With 
Mro voiu Into pin • tho output of the 
multlpltor will also be zero and hence ^e 
modulatfoR output will be tha same at tha 
kei^oard v^taee. If tha ra It a voltata at pin 
» the keyboard output will ba shifted so 
many semitones irrespecttve of the 
keyboard voltafa. 

Intefratad circuit ICt3 and its atsoclatad 
components form a linear to expOMn^ai 
converter wrtiieh Is used to contra ttM Input 
of the fflul^lor. The use of an eic»on«i«M 
eoRvarHr provides a suWieS^y linear 

for a linear input voltafa 

— rod li not great 
f required It. This is iM 
^tMflilnf an expoRenHel 
tMRRioiily used vol^Hpa 
mffe«t retatioR^iip of a tr«iilstor or dioia 
RMliiod. With thto system en input el 2.S 
volts wM five lero v<Mt| out due to the 
)lnf eurroRt of R»3-ll V20. 

of ICia is determiflod by Ri4, 
Hie ii^ul voftafe Is 
diode 
Jim it 
iioiiMed. Ai wm btHtf oxIiMitti «r«iiR4 9.7 
hrilti, Of »^pm«i f erwaad.bfaild iRoioeiliif 

l a i prfm maitlaw of en 



freoueney m 
ifo. The 
UM stabMty 



but 




for trfit 
«M liio 



RM wrtien 
i voils. At abMt 
forweid bieiPt 



W 







PARTS LIST 


KEYBOARD CONTROLLER 


R1-12,U, 


L6, 


18,20,22 




59 






Mln Res 33k 


RL3.15,17 


19 


23 


Mln Res lk2 


R21,6g,74 


75 


76 


Mln Res 3k3 


R2A,49,50 


51 


58,60, 




61,84 






Min Res 10k 


R25,3S,it4 


80 


81 


Min Res 2k2 


R26,8& 






Mln ResLOOk 


R27 






Mln Res 220R 


R2S 






Min Res ISOa 


R29 






Min Res 150fi 


R30,31,32 






Mln Res 120n 


R33,34,37 






Min Res lOOQ 


R35,36 






Mln Res 68fi 


R39.62 






Min Res 47k 


R40,43 






Win Res 4k7 


R41 






Mln Res IBk 


R42,47,55, 


91 


92 


Min Res lOM 


R45 






Min Res 820^ 


R45 






Mln Res Ik 


R48,63,83 






Min Res 220k 


R52,53,54, 


5& 




Oxide 33k 


R57 






Std Res 30k 


R64,65,77, 


78 




Min Res 39k 


R66 






Min Res 120k 


R6 7 






Min Res 22k 


R68 






Min Res 56k 


R70 






Min Res Sk2 


H71 






Min Res 27k 


R72, 79,82 






Min Res I 5k 


R73 






Min Res 12k 


R85,87,S8, 


89, 


90 


Min Res IM 


RVl- 10 






Edge Preset lOOQ 


RVll 






15-Tum Cermet Ik 


RVI2 






Pot Lin 30k 


KV13,14,15 






15-Tum Cermet 50OC3 


RV16,21 






Pot Lin 10k 


RV17 






Pot Log 2M 


RVL8,23,24 






Vert S-Min Preset 
47k 


RV19 






Vert S-Min Preset 
4k 7 


RV20 






Vert S-Min Preset 
100k 


RV22 






Vert S-Mln Preset Ik 


Cl 






Carbonate 0.039i:F 


C2,3,4,5 






Tant lOuF 25V- 


C6,7,8,10, 


11, 


12,13, 




14,22 






Ceramic 33pF 


C9 






Polyester 0.47|iF 


C15 






Polyester 0,015^F 


C16 






Carbonate O.OOluF 


C17,18 






Carbonate 0.0082^1 


C19,20 






Mylar O.OOSmF 


C21 






Polyester 0.047i.F 


C23 






Tant 4.7^F 35V 


Ql.2.3,4,6 






MPS 3638A 


Q5 






PN 3643 


Q7,8 






2N 5459 


Q9 






BC 178 


Q10,I1 






BC108 


ICl 






SCL4011AE 


IC2,b,8,lO 


.u 


,12, 




13.15 






LM301A 


IC3,4,5,7 






4016AE 


IC9 






LH0D42CH 


IC14 






SG1495 


IC16 






SCL4001AE 


IC17 






LM308 


Dl-13 






1N914 


SW1,2 






SuB-Min Toggle A 



in a 
mtpofMmXM «ttn««loR. 



other Parts Required 

1 Keyboard Controller PCB 

1 Keyboard Controller Mtg Bracket 
4 15nim Collet Knob Black 

4 15mm Collet Cap Yellow 

4 ISram Collet Nut Cover 

2 Bolt 6BA 1/4 in. 
2 Nut 6bA 

2 Shake proof Washer 6BA 

6 DIL Socket 14-pin 

1 Wafercon Plug 4-way 

1 Wafercon Plug 12 -way 

1 Wafercon Socket 4-way 

1 Wafercon Socket 8-way 

1 Wafercon Socket 12 -way 

24 Wafercon Terminals 

1 Keyboard 48-note F-E 

20 6BA Spacer l/4Ln, 

20 Self-Tapper No. 4 ^n. 

1 SRBP Clin. 

6tn Gold Wire 
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Fig.13. Wiring to switches and 
potentiometers of oscillator — 
top wafer of SW1 only shown 
refer to Fig. 14. 



RV5 



RV7 




1 INPUT 

Fig. 14. Method of wiring up oscilla tor switch 
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Fig. 15. Mounting bracket - oscillator. 
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Fig. 1 7. Wiring to switches 
and potentiometers of 
keyboard controller. 
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Fig. 1 9 , Componen t o veria y for power supply. 




The method of construction of the power supply. 
Note particularly the mounting of the power 
transistors. 



Fig. 20. Heatsink for power supply. 



Soldering with po^ver connected 
shpuld be avoided along witii 
accidental shorting of the outputs. The 
output can be shorted for a brief 
period without damage; however this is 
not recommended. 

The supply voltage to CMOS must 
never be reversed. This could cause the 
devices to destroy themselves. 

Although the inputs of CMOS are 
internally protected against static 
charges, some care is still required in 
their handling. They should be stored 
in their aluminium carrier or in 
conductive plastic. They should be the 
last components added to the PC 
boards, preferably using IC sockets. 
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ALL DIMENSIONS 
t IN MILLIMETRES | 

5HOLES12.7mnidia, J 
, 9 HOLES 3.2mm dia, ' 

MATERIAL 18 GAUGE ALUM 



.^-^ 



— 4-^H 



Power Supply 

Assemble the PC board with the aid 
of the component overlay Fig.18. The 
power transistors should not be 
mounted at this time. Check the 
orientation of all the componei-.ts 
especially checking the 723 regulator, 
the tag on the IC being next to pin 10. 

The PC board is mounted by V* inch 
spacers onto an aluminium panel, 
Fig, 20, which is also the heatsink 
for the power transistors. The power 
transistor leads must be bent apart and 
up at right angles to pass through the 
PC board from the underside. 

The heatsink should be used as a 
guide to determine the bending points. 
Since the transistors are on the under 
side of the PC board there must be no 
strain on the joints, otherwise the PC 
board track may be broken. Mount the 
transistors, using mica insulators, in 
position on the heatsink. The 
transistors may then be soldered to the 
PC board through the access holes 
provided. If required the heatsink may 
then be removed for other work to be 
carried out. 



PARTS LIST POWER SUPPLY 



Rl, 16, 17, 18, 19 


Min Res Ik 


R2, 11.22,23,24,25, 




26,27 


Min Res 10k 


R3 


Std Res 750Q 


R4 


Min Res 2k2 


R5, 8, 13,15 


Std Res 1,5q 


R6,7,12,14 


Mill Res 1002 


R9 


5W W/W 220tJ 


RIO 


Min Res 220Q 


R20 


Min Rea 18k 


R21 


Min Res 3k9 


R28,29,30,31 


Min Res 470n 


RVl 


Vert Skeleton 470i> 


CI, 2 


Axial 2, 200m F 25V 


C3 


Ceramic lOOpF 


C4, 9, 10,11,12 


Tant 10^F.25V 


C5,6,7,8 


Ceramic 33pF 


Q1.2 


MPS363B 


Q3.4 


PN3643 ^^ 


Q5,6,9 


TIP31A 


Q7,8 


TIP32A 


ICl 


)jA723C T099 


IC2,3,4,5 


LM301A 


Dl-4 


1N4002 


D5,6,7 


1N9U 


ZD1,2 


BZY88C12 


ZD3,4 


BZY88C9V1 


ZD5,7 


5W Zener 8V2 


ZD6 


5W Zener 5V6 


Tl 


Mr206AT 


SWl 


Sub-Min Toggle E 


LPl 


Pan Neon Amber 


Other Parts 


Required 


1 Power Supply PCB 




1 Power Supply Heatsink 


1 Heatsink Clip-On 




5 Bolt 6BA 1/4111. 




4 Bolt 6BA ^in. 




9 Nut 6ba 




9 Shakeproof Washer 6BA 


4 6BA Spacer I/4in 




1 Uafetcon Plug 3-way 


16 Wafercon Plug B-way 


5 Kit CP) Plas 




1 Fuseholder 20 




1 Fuse 20 lA 




1 Mains Conn P360 




2m Min Mains 
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Fig. 21. Circuit diagram of a mixer stage. 
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TIP 31 A 
TIP32A 



HEAT SINK 
CONTACT ARE* 
J UNDERSIDE 



ABOVE 



'SPlNlC 
VIEW f ROM 

ABOVE 



;iA133 

UMDERSIDE 



Cofjfjections for semiconductors 
and integrated circuits used in 

tfiis book. 



^' 



i 



IC1 AND IC2 LM301A 
Ql BC178 
02 BClOe 

COMPONENT MUM 

MIXER 3. ADD 40 1„ ^^w .,.- ,.. .- ..^- 

MIXER 4. ADD 60 TO ALL MUMBERS i*. RS'BECOMES RGS 
MIXER 5, ADD So TO ALL NUMBERS i.e RS BECOMES RSS 





Fig. 23. Wiring of potentiometers 
on mixer panel. 



TOPATCHBOAfio' "^l 



Fig. 22. Component overlay for mixer board. 



Mixer -^ 

Assemble the PC board with the aid 
of the component overlay Fig. 22. 
Check the orientation of ICs and 
transistors. 

The mechanical assembly is slightly 
different for this module than that for 
the oscillators. A metal plate is used to 
hold all the potentiometers (24) and 
three small brackets hold the PC 
board. The LED indicators are 
nnounted on the front panel itself and 
are connected to the PC board either 
by soldeping, or as recommended, by a 
plug and socket. 

Each oscillator output is fed to three 
potentiometers on the mixer board. 
Five pads are provided on the PC 
board for connecting the common 
connection of each set of three 
potentiometers. A pin may also be 
fitted to each pad so that the oscillator 
connection may be disconnected if 
required. 
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Fig. 24. Main mixer chassis. 



Noise generator and 
controthr 

The construction of the module is 
very similar to that of the oscillator. 

Assemble the PC board with the aid 
of the component overlay, Fig. 27 It is 
recommended, that IC sockets are 
used for the CMOS. Make sure the 
Integrated circuits and electrolytic 
capacitors are orientated correctly 
before soldering in place. 

The PC board is then mounted on 
the metal bracket shown in Fig. 29. 



■<^ 



ALL DIMENSIONS 
IN MILLIMETRES 

2 HOLES 3.2 mm dia. 

MATERIAL 18 GAUGE 
STEEL OR ALUM 



ij 



Fig. 25. Mixer board support bracket 
(three required). 



The bracket goes on the component 
side of the PC board to prevent any 
possibility of shorting the copper 
tracks. The two potentiometers and 
the switch may now be mounted and 
wired up. This bracket also holds the 
additional switch related to oscillator 
4 which is wired up as shown in Fig.28 
The interconnection between this 
switch and that in oscillator 4 can be 
either by soldered leads or a plug and 
socket can be used. 




PARTS LIST MIXER 



Rl,2,3,4,5,7, 

21,22,23.24.25,27. 
41, 42, 43, 44, 45, if7, 

81,82,87 
R6, 9, 26, 29, 46, 49, 66, 

69,86,89 
R8, 28,48,68, 88 
RIO, 30, 50, 70,90 
Rll,31,51,71,91 



Min Res 33k 

Min Res 22k 
Min Res 100k 
Min Res 3k3 
Min Res 470: 



RVl-6, 21-26, 41-46, 

61,62,66.81,82,86 Pot Lin 25k 



CI, 2, 21, 22, 41, 42, 

61,62,51,82 
C3,4,5 

Ql. 21, 41, 61, 81 

q2, 22, 42, 62, 82 
IC1,2, 21,22, 41,42, 

61,62,81,82 
LEDl, 21,41,61, 81 



Ceramic 33pF 
Taut lOi.F 25V 



RC178 
BC108 



LM301A 

Led Red and Led Clip 



Other Parts Required 

1 Mixer PCB 

1 Mixer Chassis 

3 Mixer Mtg Brackets 

24 ISinm Collet Knob Black 

3 ISiran Collet Cap Red 

3 IStnm Collet Cap Yellow 

7 15mm Collet Cap Green 

6 15nin Collet Cap Blue 

5 ISmn Collet Cap Grey 
24 15r]m Collet Nut Cover 
3 Bolt 6BA l/4in. 

3 C/S Screw 6BA ^in. 

6 Nut 6bA 

6 Shakeproof Washer 6BA 

1 y^fercon Plug 6-way 

1 Wafercon Socket 6-way 

1 Wafercon Socket 8-way 

14 Wafercon Terminals 



PARTS LIST NOISE CONTROLLER 



Rl 


Hln Res IM 


R2 


Min Res 150k 


R3 


Min Res 33k 


H4 


Min Res 18k 


R5,6,7 


Min Res 10k 


R8,U 


Min Res 3k3 


R9, 10, 11, 12, 13 


Min Res 100k 


RVl.Z 


Pot Lin 25k 


CI 


Tant 0.47^F 35V 


02 


Ceramic lOOpF 


C3 


Mylar 0,002 ;F 


C4 


Mylar O.OOl.F 


C5 


Polyester O.OISmF 


C6,-7,8 


Ceramic 33pF 


C9,10 


Tant IOmF 2 5V 


TCI 


4006AE 


1C2 


4030AE 


1C3 


SCUOOIAE 


1C4,5,6 


LM301A 


SWl 


Sub-Min Toggle E 



Other Parts Required 

1 Noise Controller PCB 

1 Noise Controller Mtg Bracket 

2 15tntn Collet Knob Black 
2 ISmin Collet Cap Grey 

2 15mm Collet Nut Cover 

2 Bolt 6BA l/4in. 

2 Nut 6BA 

2 Shakeproof Washer 6BA 

3 DIL Socket l4-pin 

1 Wafercon Socket 8-way 

8 Wafercon Terminals 



The mixer and noise generator modules shown mounted in position. 
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1 Fig. 26. Circuit diagram of Noise Generator and Controller. 
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Fig. 27. Component overlay of Noise Generator and Controller. 
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Fig 2B. Wiring diagram of Noise 
Generator and Controller. 
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F/ff, 29. Noise generator and controller 
support bracket. 



POWER supply- 
How it works 

The power supply provides 
regulated outputs of +14V, +7V, 
+5V, -7V and - 14V. The 5 V supply 
rap ilpHw r 60 mA and all ofhe r 
n.tp.irc -^fff] jj^^ An additicHi^l 



output of +t3.4V is provide^jito 
supply the high current requiien^t 
of the headphone output amplifieM .. 
The rectifier and filter is i 
conventional system supplying ± ; /. 
The 5V output is derived from a 
MA723C, voltage regulator (ICl) 
which has very good temperature and 
load regulation. The +5 volts is used 
as the main lefaence for the othei 
supplies. Current limitation is 
provided for by R9 which limits the 
current to about 85 mA. The output 



is adjustable bv RVl s..nh that 
exactly 5V can be obtained. 

The output ot ICl can be shut down 
in either of two modes. A positive 
current into pin 10 or a negative 
current out of pin 9 will cause the 
output voltage to drop to zero. Use 
of this is made in the overload 
network of the other supply outputs. 
The +7V output is via a series pass 
transistor, Q6, which is controlled by 
IC3, a high gain differential amplifier 
which is used as a comparator. The 
non-inverting input (positive) of IC3 
is connected to ^be +5V' output 
where, in addition, the inverting 
(negative) input, is connected via a 
5/7 divider R21/24. The result of this 
connection is that the output wiU 
stabilize at +7 V. The hjgh gain of IC3 



will keep this voltage constant with 
nominal load and supply voltage 
changes. 

A cunent sensing resistor, R8, is in 
series with the collector of Q6. If the 
voltage across this resistor exceeds 
0.6V, the base emitter of Q2 will 
become forward biased, turning it on. 
This causes a positive current to flow 
into pin 1 of ICl shutting it down. 
Since the output of the +7V 
regulator is referred to the +5V 
output, the +7V supply will also shut 
down and the output current will be 
limited to about 400 mA. To prevent 
over voltage from the +7V supply on 
switch on, the output isJinuted by 
ZD3 to about 8.5 volts. 

The -7V supply is similar to the 
+7V supply, except that the 
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refeience voltage is now zero volts, 
(pin 3) and this is compared to a 
voltage at the junction of R26 and 
R22, The voIt£(ge mU be zero when 
the output of the -7V is identical to 
the +7V but of opposite polarity. 
Diode D6 is used to protect the input 
of IC4- Overload on this output turns 
on Q3 which removes current from 
pin 9 of ICl shutting it down. This 
shuts down the +7V supply and since 
the -7V "tracks" the +7Voutput»it 
also will shut down. 

The ± 14V supplies are identical to 
the ±7V supplies except for the 
sensing resistors R20/25 on the +14V 
supply. 

The +13.4V output is simply an 
emitter follower on the +14V rail. 
This supply should not however be 
shorted since no protection is 
provided. 

Zeners ZD5, 6, 7, protect, the 
+5V, +7V, and "7 V rails against 
accidental short circuit with a 
14V rail. 



MIXER - 
How it works 

The mixer used is quite 
conventional, using an IC (ICl) to 
sum the input currents. Individual 
gain control is provided by RVl-5 
and overall gain by RV6. Since the 
output of this type of mixer is 
inverted an additional IC is used to 
reinvert the signal. 

Overload indication is provided by 



Ql, Q2 and LEDl. If the output 
voltage exceeds 5.6V, Ql becomes 
forward biased and Ql and Q2 turn 
on, illuminating the LED indicator. 
The base re.sistor R8 prevents damage 
to Ql should the output swing 
negative. The overload point as 
indicated by the LED is chosen to 
protect the inputs of following stages 
from being overloaded. The mixer 
itself has an overload point of about 
12V. 

Mixers 1,2, and 3 are identical 
whereas mixers 4 and 5, allhough 
otherwise identical, have only 2 
inputs. The inputs of mixers 1,2, and 
3 are wired directly to the outputs of 
the individual oscillators. 



NOISE GENERATOR AND 
CONTROLLER -How it works 

White noise is generated digitally by 
an 18 bit shift register which is 
clocked at about 35 kHz. Several 
feed-back loops around the shift 
roister cause it to generate a 
psuedo-random bit pattern which 
closely approximates white noise. 

The oscillator uses a quad, 
dual-input NOR CMOS gate (IC3), 
and although a NAND or inverter 
could be used in the circuit, it would 
not necessarily be a pin for pin 
replacement. Feedback is taken from 
the 5th, 9th and 18th stage in the 
shift register and these outputs are 



"mixed" by IC2 which is an exclusive 
OR gate, (see table) the output of 
which controls the 'D' input of the 
shift registor. Resistor Rl and 
capacitor CI are used to ensure that 
the system will start. 



INPUTS 


OUTPUTS 


A 


B 






1 
1 




1 


1 



1 
1 





1 =HIGH LEVEL 
= LOW LEVEL 

The output of IC2/1, as well as 
being the control for the shift 
register, is the white noise we require. 
However, due to some unwanted 
components above 15 kHz, a tow 
pass filter is used with a 15 kHz 
cutoff. To give an alternate "PINK" 
noise output, the filter is changed to 
cut frequencies above 500Hz with a 6 
dB/octave slope. Since the output 
voltage will fall if some of the 
spectrum is removed, additional gain 
is also provided when *PINK* noise is 
selected. 

The controller is a completely 
separate function which is used to 
add a dc component to another signal 
or control voltage. This is done by 
mixing, in IC5, a percentage of the 
input signal and a percentage of a dc 
voltage. The output of IC5 is negative 
however, and must be inverted by 
IC6. 



Transient Generator I 



Assemble components to the printed 
circuit board, as shown v»/ith the 
component overlay (Fig, 31), paying 
particular attention to the orientation 
of IntegratBd circuits, transistors, 
diodes and electrolytic capacitors. We 
recommend that sockets be used for 
the CMOS ICs at least. These CMOS 
ICs should also be the last components 
to be f rtted to the board. 

The mechanrcai assembly is similar to 
that for the oscillators (previously 
described). AM rotary potentiometers 
and switches are mounted on a bracket 
as shown in Fig.32.The bracket, in 
turn, is mounted onto the component 
side of the printed circuit board. The 
wiring between the potentiometer and 
the switches is as shown in Fig. 33. 

The only section of this circuit that 
needs calibration is the exponential 
generator. The procedure is as 
follows:- 

With the module switched to the 
linear mode check that normal output 
is obtained. Now with the trigger input 
disconnected, and the output voltage 
at OV, adjust RV5 such that the 
output of ICS is also OV. Set attack 




TPJ(jFD^^°P^ Cqntroj module. The Transient Generate ? module is simitar except that tne 
VCA board on the left ts not fitted. 



time to minimum and delay and hofd 
ievei to maximum. If the module is 
now triggered the output voltage will 
go to +5V and stay there for about 10 
seconds. 

Whilst the output is at +5V, adjust 
RV4 so that +5V is also obtained at 



the output of IC3. Recheck the OV 
level and readjust if required. Repeat 
the procedure until both levels are 
correct. 

When the module is returned to 
exponential mode check that the 
output of ICS never goes negative. 
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NOTES: 




)C1.IC5 


4016AE CMOS 


(C2,3,<l 


LM301A 


IC6, IC7 


SCL«01A€ CMOS 


01. Q3 


MP.siaess 


Q7.Qi, 


PN3643 


01 D2 


IN9t4 



NUMBERS IN CIRCLES ® ARE 
EXTERNAL CONNECTIONS. 
LETTERS IN CIRCLES ® ARE 
INTERNAL CONNECTIONS. 



^Cll 



EXT TRIGGER 
INPUT 



TRIGGER 

FROM O- 

KEYBOARD 




A.AAA- 



PINS 

©IC5 
PIN 6 



1C1 

PIN II 
IC1 
PIN 13 



Fig. 30. Circuit diagram of Transient Generator 1. Envelope Control moaule also includes a modified VCA. 
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+ 7Vto 
5WA/1 



+5Vto 
SW3/1 



TO KEYBOARD 
OUTPUT 



10 



+ 5V 



— 12 

— QV to, 
SW3/2 

"^ + 7V 

— OV 



--7V 



Fig. 31. Component overlay for Transient Generator 1. 
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HOW IT WORKS 
Transient Generator 



The transient generator consists, basically, of two sections. 

(a) the wave-shaping circuitry (analogue). 

(b) Control circuitry (digital). 

The analogue section consists of integrator (IC2), exponential converter 
(Q2, IC3) and comparator (1C4). The comparator is a high gain differential 
amplifier whose output is normally either at +6 volts or at -6 volts. There 
is a small input region where the amplifier operates in the linear mode and 
the output voltage will then be somewhere between these two extremes. 
Negative feedback is applied by R 14 so that this linear input region is 
approximately 30 mV wide. 

Solid state switches select one of three voltage sources as input to the 
comparator. ICI/3 selects +5 volts, ICI/4 selects OV and IC5/3 selects the 
output of level potentiometer RV6 or the output of the keyboard. 

The switch potentiometer RV6, when in the off position, allows the 
keyboard voltage to be the third voltage. 

The output of the comparator is connected back to the input ofIC2by 
R 3 and a slope potentiometer as selected by ICI/1, IC5/2 and ICI/2. If the 
output of the comparator goes to -6 volts, the output of the integrator, 
IC2, will be a voltage, linearly increasing at a rate set by the selected 
potentiometer (RVl, 2 or 3). Conversely if the comparator output is at +6 
volts the integrator will produce a linearly decreasing voltage. 

When the two inputs are within 30 mV of each other the slope of the 
integrator will decrease, and when they are equal, (comparator output at 
zero) the system output will be stationary at the voltage selected by ICI/3, 
IC5/3 or ICI/4. This point will be stable as the comparator output is 
applied back to its input in a negative feedback loop, either directly, or via 
an exponential generator. 

Generation of the exponential function is based on the collector - 
current to base-emitter-volt^e relationship of a transistor, in this case Q2. 
The output of the integrator, after attenuation by R4, RV4 and R5. and 
level shifting by R6 and RV^i, is apphed to the base of CJ2. Diode Dl biases 
the emitter of Q2 about 0.6 volts below zero and also provides temperature 
compensation for Q2. Resistor R7 applies a small bias and helps 
compensate different offset voltages in IC3. Integrated circuit 1C3 
produces an output voUage proportional to the collector current of Q2. 
Hence a linearly changing voltage, at the output of integrator IC2, will 
resuh in an exponential output from IC3. The range of the exponential 
generator is adjusted by RV4 and RV5. 

When a key is pressed, the keyboard controller provides a -7 V to +7 V 
change. The positive edge of this transistion is differentiated by C7 and 
R19, (the negative edge pulse is clipped by D2) to provide an 
approximately 3 msec wkie pulse which turns on IC5/4 and Q4 thus 
dischaiging C8. In addition this pulse sets the flip flop formed by IC6/3 
and IC6/4 so that the output at B is +7 V, and turns on IC5/1 and Ql thus 
clamping the output line at OV. 

At the end of the 3 msec pulse, C8 begins to charge from -7 volts at a 
rate determined by RV7. When it reaches OV, approximately, the output 
of IC7 changes from +7 V to -7 V and thus an internal delay is generated 
which is adjustable by RV?. Also immediately following the 3 msec period, 
the output B is at +7 V and hence ICI/2 is turned on selecting the attack 
potentiometer RVl, and ICI/3 is turned on, selecting +5 V as an input to 
the comparator. Thus, as pin 2 of the comparator is higher than pin 3, the 



output will be low (-6 V) and the integrator will start to rise. The voltage 
divider formed by R15 and R16 will apply -2 V to the input of IC6/2. 

At this point we pause to briefly explain the operation of digital logic 
NOR gates. The digital ICs used in this circuit contain four, 2 input NOR 
gates. In a NOR gate, if either one or both of the inputs are high, the 
output will be low. Only when both inputs are low can the output be high. 
This is illustrated below. 



Input 
A 



hi put Output 



1 

1 

1 
1 1 

Note for +7 V and -7 V supplies as used, '0' means less than -1 V and T 
means greater than +1 V when applied to inputs, and '0' means close to -7 

V T means close to +7 V in the case of outputs. 

Thus to return to our circuit the -2 V input at IC6/2 is a '0' input and 
the output of IC6/2 wiU be high at +7 V. 
When the output of the integrator (or exponential generator) reaches +5 

V the comparator output will drop to zero volts causing an input of +2V 
to be applied to IC6/2. This is a '1' level and thus the output of IC6/2 wiU 
go to -7 volts. The output swing of IC6/2 is inverted by IC6/1 and 
resets the flip flop (IC6/3 IC6/4). 

When the flip flop is reset its output goes to -7 V turning off ICI/2 and 
ICI/3 and a '0' is presented to IC7/2 and IC7/3 (pms 6 & 9). 

If at this time the deby period has not expired (that generated by C8 & 
RV7) a '1' wUl stiU exist at the output of 1C7/1. Thus IC7/3 has a '0' on 
pin 9 and '1' on pin 8 and its output will be a '0'. Hence both inputs of 
1C7/2 are 'O' and its output will be a M',.This turns on IC5/2 which selects 
DECAY I slope and IC5/3 which selects the output level set by RV6. The 
comparator now sees an error and drives the integrator to correct it. The 
output will stabilize again when the level set by RV6 has been reached. 
This output level will now be held until the "C" control is removed. 

When the delay period is completed the pin 8 mput toIC7/3goes to '0', 
and since the other input is *0', the output will be T and the output at 'C 
will be turned off. 

We now have the *D' output at '1' and this selects the DECAY 2 
potentiometer and OV reference to the comparator. Again the integrator 
drives to correct the error. Positive feedback is provided around IC7/3by 
IC7/4 so that the input may change much quicker- 

When the delay potentiometer is switched off (SW4/1 and 2) trigger input 
will now be direct to 1C7/3 pin 8 and the delay will be determined by the 
key-hoM time orJy, and not by the internal generator. 

If the DELAY time setting (either internal or external) is shorter than the 
time to complete DECAY 1, DECAY 2 will be initiated, provided the 
attack time is completed, immediately the delay expires. 

If the DELAY setting is less than the ATTACK time setting the ATTACK 
wUlbe completed, DECAY 1 ehminated and DECAY 2 initiated. 

The trigger input from the patchboard is buffered by Q3 to ensure 
conect operating levels for the logic. It also provides an inversion which 
means that the trigger will occur on the negative edge of the input trigger 
pulse. 
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Fig.32.Mounting bracket for Envelope control and Transient 1 
moduhs. 





PARTS LIST 








Transient Generator 1 






•Rl,2,16 


Min Res 12k 


Ql. 


3 


MPS3638 


R3 


Min Res 680n 


Q2.4 


PN3643 


JR4 


Min Res 15k 








*B5 


Min Res 470r. 


ICl 


5 


4016AE 


»R6 


Min Res 8k2 


IC2 


3,4 


LM301A 


*R7,19,22 


Min Res IM 


IC6 


7 


SCUOOIAE 


RS 


Min Res lk8 


Dl, 


I 


1N914 


R9 


Min Res 3gk 








^10 


Min Res 3k3 


SW1,2 


Sub-Mln Toggle A 


cRll, 12, 13,20 


Min Res lk2 








*.RU, 17,23 


Min Res 100k 




Other Parts 


Required 


R15 


Min Res 27k 








iR18,21,25 


Min Res 10k 




Trans Gen 1 PCB 










Trans 1/Env Mtg Bracket 




rot Log 2M 




15nm Collet Knob Black 


RV4,5 


Vert S-Min Preset 




ISnrn Collet Cap Red 




22k 




ISram Collet Cap 


Blue 




Sw Pot Lin 25k 




ISinm Collet Cap 


Yellow 




Sw Pot Log 2M 




15mni Collet Nut Cover 








Bolt 6BA 1/4 In. 






Tont 4.7Mr 35V 




Nut 6BA 




C2,4 
C& 


Ceramic 33pF 




Shakeproof Washer 6BA 


Ceramic lOpF 




DIL Socket U-pi 


n 


C3,7 


Carbonate 0.0033^F 




Wafercon Socket 


8-way 
Is 


08,10,11 


Tant lOtiF 25V 


fi 


Wafercan Termina 
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Fig.33. Wiring to switches and potentiometer 
for Transient Generator 1. 



VOLTAGE CONTROLLED 
AMPLIFIER 

This is a very simple module and 
should not cause any difficulty. The 
component overlay is given in Fig.35. 
and the potentiometer and switch 
wiring diagram in Fig*39.The MCI 496 
may be either a dual-in-line package or 
T05. If the T05 version is used it may 
be connected as shown in Fig. 34. The 
tag on the T05 version Is adjacent to 
pin 10 and this pin goes to what would 
otherwise be DIL pin 14 on the 
printed circuit board. Pin position 7/ 
9, 11 and 13 on the printed circuit 
board are not used with the T05 IC. 



The only adjustment required on this 
module is to null the output by 
adjusting RVl. With a signal applied to 
the input, and with OV on the control 
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input, set the switch to amp and adjust Fig 34. Full circuit diagram of Voltage ControUed Ampiifier. For use with Envelope Control module, 
RVl for min imum output. ICI and its associated components are omitted. See overlay, parts lists and text. 




The voltage controlled amplifier 



PARTS LIST 


Voltage Controlled Amplifier 


Rl 




Min Res Sk2 


a2,l5,16 




Min Res 22k 


R3 




Min Res 4k7 


R4,7,8,10 




Min Res 12k 


R5 




Min Res 3M3 


Rb 




Min Res 10k 


R9 




Min Res 39k 


RU,13 




Min Res 330i^ 


R12 




Min Res 470k 


R14,17, 18, 19,20 




Min Res 100k 


R21 




Min Res 3k3 


RVl 




Vert S-Min Preset 
47k 


RV2 




Pot Lin 10k 


CI 




Tant 33uF lOU 


C2,3,6 




Tant 4.7uF 35V 


C4,5 




Ceramic 33pF 


C7,8 




Tant 10 mF 25V 


ICI, 3 




LM301A 


IC2 




MC1496 


Dl 




1N914 


SWL 




Sub-Min Toggle A 


Other 


Parts 


Required 


1 VCA PCB 






1 VCA Mtg Bracket 




1 15nm Collet 


Knot 


Black 


1 ISmn Collet 


Cap Grey 


1 15m Collet 


Nut 


Cover 


2 Bolt 6BA 1/4 in. 




2 Nut 6BA 






2 Shakeproof Washer 6ba 


1 Wafercon Socket 


8-way 


B Wafercon Terminals 
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OUTPUT 



+14V 



CONTROL 
INPUT 




Fig.35. Component overlay for the Voltage Controlled Amplifier 
when used x a seoarate unit. 



Fig.36.Component overlay for the Voltage Controlled Amplifier 
as used in the Envelope Control module. 



ENVELOPE CONTROL 

The envelope control is constructed 
by assembling a transient 1 module 
and a voltage controlled amplifier 
(VGA) to the same bracket. The VGA 
module is modified by omitting the 
rectifier ICI (see 'How it Works' and 
overlayFlgae) and the control input is 
taken from the transient 1 board 
output. 



PARTS LIST 

Envelope Control 



TRANSIENT 1 GENERATOR 

except R25 is not required and 
RV& becomes a Pot Lin 25k 



VGA 



except the following parts which 
are not required: 
R4,5,6,RV2,C3,4,IC1,D1,SW1, 
VGA Mtg Bracket, ISrar Collet Knob 
Black, 15™ Collet Cap Grey, 15™ 
Collet Nut Cover, Uafercon Socket 
8-way, and 8 Wafercon Terminals 



ALL DIMENSIONS 
IN MILLIMETRES 
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Fig.38. Mounting bracket for the voltage 
controlled amplifier. 




Pig. 37. Qrcuit diagram of the 
MCI 496 balanced modulator - 
demodulator la 




rtcc 



CONTROL 

INPUT 



fig.39.Wiring to front panel of Voltage 
Controlled Amplifier. 
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Transient Generator 2 

TRANSIENT Generator 2 module 
provides an almost infinite variety of 
output shapes. 

It may for example be used to 
modify the keyboard output voltage. 
Such a keyboard output would, when 
applied to an oscillator for example, 



PARTS LIST 
TrsHMWit Genwator 2 



Rl, 19, 21, 22 




Min Res 100k 


R2, 13,18 




Min Res 10k 


R3 




Min Res 15k 


R4 




Min Res bBOfi 


R5 




Min Res 470t: 


R6 




Min Res 8k2 


R7,9,ll 




Min Res iM 


R8,12,15,16,17 




Min Res lk2 


RIO 




Min Res IkS 


R14 




Min Res S^k 


R20 




Min Res 3k3 


RV1,2,6 




Pot Log 2M 


RV3,i 




Vert S-Min Preset 
22k 


RV5 




Sw Pot Log 2M 


RV7,8,9 




Pot Lin 25k 


CI 




Tant k.7v.Y 35V 


C2,6 




Ceramic 33pF 


C3,5 




Carbonate 0.0033^F 


Ch,l 




Tant 2.2wF 35V 


C8 




Ceramic lOpF 


C9,10 




Tant 10i:F 25V 


Ql 




MPS3638 


Q2,3,4 




PN3643 


IC1,2,3 




LM301A 


IC4.5 




4016AE 


IC6,7 




SCUOllAE 


Dl,2 




1N914 


SW1,3 




Sub-Min Toggle A 


Other 


Parts 


Required 


1 Trans Gen 2 


PCB 




1 Trans 2 Mtg 


Bracket 


7 IStnni Coll«t Knob Black 


3 15(nn Collet 


Cap 


Red 


2 IStrm Collet 


Cap 


Blue 


2 15nni Collet Cap Yellow 


7 ISnm Collet Nut Cover 


2 Bolt 6BA lAln, 




2 Nut 6ba 






2 Shakeproof 


Washer 6BA 


4 DIL Socket 


14-pin 


1 Wafercon Socket 


8-way 


8 Wafercon Terminals 



cause it to commence the note in tune, 
raise to say one octave higher, hold the 
note for a preset period and then drop 
the note to one octave lower than the 
basic frequency. 

The number of semitones or octaves, 
shifted up or down, is uniform over 
the entire keyboard range. The 
maximum design range of control is of 
the order of plus or minus two 
octaves. 

Usually this module will be used to 
control a Voltage Controlled Fitter 
(VCF), in the bandpass mode, being 
fed from a complex waveform 
(considerable harmonic content). 
Upon pressing a keyboard key the 
Transient 2 waveform could for 
example, cause the filter to commence 
at the timbre as selected the VCF 
"TUNE" control, sweep up to the 
higher overtones and finish on the 
lower fundamentals. 

CONSTRUCTION 

With the aid of the component 



overlay {Fig42|, assemble components 
to the printed circuit board paying 
particular attention to the orientation 
of integrated circuits, transistors, 
diodes and electrolytic capacitors. 

It is recommended that sockets be 
used - for the CMOS ICs at least. 
These CMOS ICs should also be the 
last components to be fitted to the 
board. 

The mechanical assembly is similar to 
that for Transient 1. All rotary 
potentiometers and switches are 
mounted onto the bracket, drilling 
details for which are shown in Fig. f" 
40.The bracket, in turn, is mounted 
onto the component side of the 
printed circuit board. 

Wiring between the potentiometers 
and switches, and the connection 
points to the printed board is 
illustrated in Fig. 43. 

CALIBRATION 

As with Transient Generator 1, the 
exponential converter section has to 
be calibrated. Begin by setting SW3 to 
the LINEAR position and SLOPE 2 to 
maximum rate. 

Measure the output voltage and check 
that it is variable between '0' volts and 
+5 volts by means of the FINAL 
LEVEL control. 

Adjust the output to '0' volts by 
means of the LEVEL CONTROL and 
adjust RV4 so that the output of IC2 
is exactly zero. 

Adjust the output to +5 volts with 
the level control and then adjust RV3 
for +5 volts at the output of IC2. 

Repeat the previous two adjustments 
until the settings remain correct when 
the level control is varied from one 
end to the other. 

Switch to EXPONENTIAL and 
check that the output of I CI does not 
go negative at any setting. 



Fig.40.Mounting bracket for Transient Gerterator 2. 
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SLOPE 2 



NOTES 

ICl, IC2, IC3 LM301A 

IC4, IC5 4016AECMOS 

IC6, IC7 SCL4011AECM0S 

Q 1 MPS3638 

Q2, Q3, Q4. PN3643 

D1, D2 1N914 



EXT. TRIGGER 

INPUT 




TRIGGER FROM 
KEYBOARD 



Fig.41 .Circuit diagram of 
Transient Generator 2. 



Fig,42£omporwrt overlay 
for the Transient Generator 
2. 
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Fig. 43. Wiring diagram to switches and potentiometers on the mounting bracket. 

HOW IT WORKS 



SW, KEYBOARD 

TRIGGER 



Transient Generator 2 



This module is very similar to 
the Transient 1 generator. It 
consists of two main sections. 

1) The wave shaping circuitry 
(analogue). 

2) The control circuitry (digital). 
The analogue section is almost 

identical to that of Transient 1, 
and reference should be made to 
that. The main exception is the 
omission of the reset-transistor 
across the integrator IC. 
Additionally the three inputs to 

the comparator are all adjustable, the 
'ATTACK* potentiometer has been 
deleted and the 'attack time' is thus 
always at. its maximum rate. 

Transient 1 "How it works", in 
conjunction with both circuit 
distrains should readily explain the 
operation of this section. 

The digital section of the two 
modules is different. That for 
Transient 2 works as follows: - 

When a trigger pulse is presented to 
gate 1C5/4, it turns on for about 3 
millisecs. This discharges C7 via Q4. 
The resulting low level at the input of 
[C6/2 gives 'high' output at (A) 



(IC6/4). WhUst (A) is high C4 wiU 
remain discharged. 

The digital ICs used in this module 
are 2-input NAND gates (four per 
package), the truth table for which is 
shown below: - 



INPUT 1 


INPUT 2 


OUTPUT 








1 





1 


1 


1 





1 


1 


1 






Note that for the + 7 volt supplies 
as used, '0' means less than -i V and 
'1' means greater than +1 V at the 
inputs. In the case of outputs, '0' 
means close to -7 V and T means 
close to +7 V. 

A high output at (A) will select the 
maximum slope rate and the START 
LEVEL potentiometer RV7. The 
output will go rapidly (within 
5m-secs) to the level set by RV7. 

After the initial 3 nvsec period C7 
begins to charge at a rate selected by 
'DELAY r control, RV6. When C7 
charges to approximately OV the 
output at (A) will go low allowing 
output (B) to go high selecting 
'SLOPE 1' and the HOLD LEVEL as 
set by RV8. The output will now 
charge towards this new level at the 



SLOPE 1 selected rate. At the same 
time capacitor C4 is also released and 
begins to charge. When about half 
charged (around OV) the output (B) 
will go low and output (C) high. Thus 
'SLOPE 2' is selected and the 
'FINAL LEVEL* set by RVy. The 
output cycle is thus complete and the 
final level will be maintained until 
the unit is retriggered. 

Note that the slopes can be in either 
direction depending only on the 
settings of the level potentiometers. 

Below are examples of output 
waveforms available. 



/\ <r w 



V A 



If the 'HOLD DELAY' 
potentiometer (RV5) is switched off, 
the key hold time replaces the hold 
delay, and, if the key hold time is less 
than DELAY 1, then at the 
completion of DELAY 1, SLOPE 2 
and FINAL LEVEL wiU be selected 
- thus eliminating SLOPE 1 AND 
HOLD LEVEL. 



The Voltage Controlled Filter module has a 100: 1 control range. 



The following de'scribes the 
operation and construction of the 
Voltage ControHed Filters (VCF). 
These filters have more than a two 
decade range and provide switchable 
lowpass, highpass and bandpass 
modes of operation, ail with a 12 
dB per octave slope. 

Alternatively the filter designed 
for the 3600 may be used. 



CONSTRUCTION 

The method of assembly is similar to 
ttiat used for most of the other 
modules. A small aluminium bracket is 
used to hold the printed circuit board 
and associated switches and 
potentiometers. 

When assembling the components to 
the printed circuit board the usual care 
must be taken with the orientation of 
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FigA4. VCF mounting 
bracket. 



polarized components. Assemble the 
components to the board in 
accordance with the overlay Fig. 47. 
using sockets for the CMOS ICs at 
least Note that IC2 MUST be a 
SCL4001AE as made by Solid State 
Scientific. Although this component is 
made under the same number by other 
companies, the Solid State Scientific 
version is much faster and has a much 
narrower linear region. If another 
brand is substituted the oscillator may 
work over a restricted range, or worse 
still may not work at all. 

Wiring from the printed circuit board 
to switches and potentiometers is as 
shown In Fig. 45. 



HOW IT WORKS 

The voltage Controlled Filter 
consists of four main sections: 

1. The Buffer Amplifier. 

2. A High Pass Filter. 

3. A Low Pass Filter. 

4. A Voltage/Frequency Converter. 
The buffer amplifier, IC3, is used to 

provide a high input impedance 
(greater than 200 k) and a level shift 
In the low pass and high pass modes 
the gain is approximately -6 dB and 
in the bandpass mode - 1 1 dB. The 
reason for this will become obvious 
as we proceed. Note, that although 
we have called this circuit an 
amplifier, the output is in fact less 
than the input 

If, for the moment, the CMOS ICs 
(which are analogue switches) are 
considered to be ON (IC6, 4016), it 
may be seen that the highpass (IC4) 
and lowpass (1C5) filters are normal 
2-pole active types. They have again 
of 6 dB (which accounts for the 6 dB 
loss in the buffer) and have a 1 dB 
rise just before cutoff frequency is 
reached. 

In the bandpass mode the two 
filters are connected in series and the 
resultant overall gain is 1 1 dB, hence 
the 1 1 dB cut in the buffer^ amp in 
this mode. 

Thus it can be seen that by selecting 
buffer gains the overall gain is held at 
unity in all modes. 

Note that the supply rails are +14 
volts and zero. Thus the 'common' 
line, as used internally in the unit, is 
+7 volts. 

To vary cutoff frequency, either the 
resistive or capacitive arms of the 
filter must be altered. To select the 
HIGH or LOW range (10 kHz or 
2 kHz nominal upper limit) we 
change the capacitive arms. For 
voltage contiol we use special 
circuitry to change the resistive aims 
as follows: 

If a resistor is switched in and out 
of circuit at a variable rate, and for a 
fixed duration, the effective 
resistance will be equal to Rx 
TOTAL TIME/ON TIME. A 
voltage-controlled oscillator is used 
to switch the resistive arms of the 



filter on for a period of 200 
nanoseconds and off for a time which 
is made variable. Take for example 
R12 (1.2 k) which is switched by 
IC6/1 (CMOS IC has a resistance of 
about 30012 when on). If IC6/1 is 
switched at 1 MHz the effective 
resistance will be 

(1200+ 300) X 10-6 

200x10- 9 =750011 

If the oscillator frequency is 
reduced to 100 kHz the effective 
resistance will be 75 k, since the 
cutoff frequency of the filter is 
proportional to resistance, and the 
resistance is proportional to chopping 
frequency. If now the chopping 
frequency is made proportional to 
input voltage, it can be seen that 
cutoff frequency will be proportional 
to input voltage. 

The voltage- to- frequency converter 
used does in fact have a linear 
relationship from about 10 kHz to 
3.5 MHz. Frequencies below 20 kHz 
however should not be used, as the 
chopping frequency will become 
audible. 

A variable cMistant-current source 
is provided by ICl and Q2, where the 
base- emitter voltage of Q2 is 
compensated by taking feedback 
from the emitter of Q2 to ICl. A 
further constant current source is 
provided by Ql. The current from 
Ql can flow either via Q3 to ground 
(output of IC2/2), or through Q2 as 
well as into C2. The current provided 
by Ql is higher than the maximum 
available through Q2 and thus C2 will 
be charged by a constant current 



(when 1C2/2 is high) the value of 
which is determined by the input 
voltage, 

The voltage on C2 is passed to the 
input of 1C2/1 such that if this 
voltage is above approximately 7 
volts the output of IC2/1 will be low 
(OV) whereas if the input voltage is 
less than 7 volts the output will be 
high (+14V). 

A monosfable having a pulse 
duration of 200 nanoseconds is 
formed by IC2/3 and IC2/4. If the 
input at pin 1 3 of IC2/4 goes high a 
negative going 200 nanoseconds 
wide, pulse occurs at pin 11 and is 
inverted by IC2/2. This positive pulse 
will turn off Q3 allowing the current 
from Ql to charge C2. The voltage 
across C2 will rise about 3V in the 
200 nanoseconds, and will go above 
the 7V level causing IC2/1 output to 
go low. Capacitor C2 will now be 
discharged by the current through Q2 
until C2 voltage falls below the 7V 
level, retriggering the monostable, 
thus generating another 200 
nanosecond puLse. 

The repetition rate of the pulse is 
determined by the current through 
Q2 and hence is proportional to the 
input voltage. The 200 nanosecond 
pulse thus derived is used to turn on 
the CMOS switches in the active 
filters. 

The input voltage to ICl is variable 
by means of RVl which thus acts as 
a 'tune' control Resistor Rl provides 
a static voltage across RVl which 
allows the filter to be tuned to a 
fixed frequency in the absence of a 
control input 




fig. 45. Wiring diagram for 
switches potentiometers. 
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Fig.46. Circuit diagram of the 
Voltage ContmUed Fitter. 
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^ Ffg.47.Component overlay of VCF. 
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SPECIFICATION 



MODES 



low pass 
high pass 
band pass 
12 dB /octave 
bandpass 1.5 
> 100 : 1 



® 



SLOPES 

Q 

CONTROL RANGE 

FREQUENCY RANGE (Nominal) 
Low range 20 Hz - 2 kHz 

High range 100 Hz - 10 kHz 

INPUT VOLTAGE RANGE 
Time control at 
maximum. 30 mV — 5 V 

NOTE: Low end of range is limited by 
the chopping frequency dropping below 
20 kHz thus becoming audible. High end 
of range is limited by the maximum 
obtainable oscillator frequency. (> 2MHz) 
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PARTS LIST V.C.F. 






Rl 


Min 


Res 


220k 


Ql,3 


MPS3638 


R2 


Min 


Res 


22k 


Q2 




PN3643 


R3 


Mir 


Res 


680s 


ICl 


3,4,5 


LM301A 


R4 


Min 


Res 


6k8 


IC2 




SCL4001AE 


R5 


Min 


Res 


39fi 


IC6 




4016AE 


R6 


Min 


Res 


330C 


Di,; 


,3 


1N914 


R7,8, 14,15, 16,19 


Min 


Res 


10k 








R9 


Std 


Res 


200k 


SWl 




Rotary SW 4 


RIO 


Min 


Res 


150k 


SW2 




4P SM Toggle 


Rll 


Min 


Res 


100k 








R12,13.1&,17 


Min 


Res 


lk2 




Other Parts 


Required 


R20 


Min 


Res 


3k3 


1 


VCF PCB 




RVl 


Pot 


Log 


100k 


1 


VCF Mtg Bracket 




RV2 


Pot 


Lin 25k 


3 


15nim Collet Knob 


Black 










2 


ISrran Collet Cap 


Red 


CI, 5, 10, 15 


Ceramic 


33pF 


1 


15niiit Collet Cap Grey 


C2 


Polystyrene 470pP 


2 


15niin Collet Nut 


Cover 


C3 


Ceramic 


47pF 


1 


IStnm Collet Indicator 


C4 


Carbonate 0.082ijF 


2 


Bolt 6BA l/4in. 




C6, 8,11.13 


Polyester 0.022|iF 


2 


Nut 6BA 




C7,9,12,14 


Carbonate 0,0047i.F 


2 


Shakeproof Washer 6ba 


C16,17,18,20 


Tant 


10^ 


F 25V 


2 


DIL Socket 14-pin 


C19 


Polyester O.OluF 


1 


Wafercon Socket 


3 -way 










8 


Wafercon Terminals 




OUTPUT STAGE 



The following describes the 
output module which contains the 
equalizer, reverberation and output 
amplifiers as well as the joystick 
control buffers and an exponential 
converter. 

CONSTRUCTION 

The same procedure should be 
followed as previously described for 
other modules. Assemble the printed 
circuit board in accordance with the 
component overlay, Fig. 50., taking 
care with the orientation of polarized 
components. Wire the potentiometers 
and switches in accordance with Fig. 51. 

SeniNG-UP THE JOYSTICK 

POTENTIOMETER 

All electrical adjustments must be 
carried out with RV? at max. (+5V 
end of track). 

These must be carried out before 
any wires are connected. 

Screw self -tapping screws into 
holes f, g and h and tighten up on 
spindles, then slacken off screws 
by turning them twice anticlockwise. 
From above, centre the four zero 
adjusters (toothed knobs). 

Hold the joystick so that it 
appears as shown in the sketch. 
Slacken clamp screws k, m and n. 
Twist pot. B clockwise two or three 
times allowing gimbal P to move 
freely towards pot. A ending up 
with the pot. tags as shown in the 
sketch. Tighten screw k. Move 
stick to bring gimbal P as close as 
possible to pot. C and hold gimbal 
in this position. Tighten screw f. 

Twist pot. D clockwise two or 
three times (gimbal P will remain 
close to pot. C) ending up with the 
Dot. tags as shown in the sketch. 



Tighten screw n. Move stick to 
bring gimbal P as close as possible 
to pot. A and hold gimbal in this 
position. Tighten screw h. 

Twist pot. C clockwise two or 
three times allowing gimbal Q to 
move freely towards pot. B ending 
up with the pot. tags as shown in 
the sketch. Tighten screw m. Move 
stick to bring gimbal Q as close as 
possible to pot. D and hold gimbal 
in this position. Tighten screw g. 

Wire up the joystick as shown in 
Fig. 49. When the joystick is 
mounted pot. C will be the pot. 
nearest the keyboard. 

Connect a voltmeter between OV 
and the joystick horizontal axis 
output wire (Output Stage pin 18). 
Operate SW2 so that pot. JB varies 
the voltage. Adjust RV11 to approx. 
centre position then slacken screw 
k. Move stick so that gimbal P is qs 
close as possible to pot. C. Hold 
gimbal in this position and turn 
pot. B so that meter just starts to 
move from zero. Tighten screw k. 
Now move gimbal P as close as 
possible to pot. A. Adjust RV11 
until meter reads 5V. 

Operate SW2 so that pot. JD 
varies the voltage, then adjust pot. 
D and RVl 2 as above to obtain a 
0-5V swing. 

Finally connect the meter between 
OV and the joystick vertical axis 
output wire (Output Stage pin 20), 
and adjust JC and RV10 as above 
to obtain a 0-5 V swing. 

CALIBRATION 

The exponential converter is the only 
section of the circuitry that requires 
calibration. This should be carried out 
by applying V to the input and 



adjusting RV14 to obtain 0.156 V, 
and then by applying 5 volts to the 
input and adjusting RV13 to obtain 5 
volts output. The V input should 
then be rechecked and the 
input/output relationship detailed in 
Table 4 should then exist. This 
characteristic ensures that a 1 volt 
change in input voltage will produce 
an output that, when applied to an 
oscillator or filter, will change its 
frequency by one octave. Thus a 5 volt 
input range provides a five octave 
frequency range. 

The control range may be extended 
by reducing the 0.15V volt output at 
volt input (R26 may need to be 
increased to obtain required range) 
however the 1 volt/octave relationship 
will no longer apply. 

NOTE: Presets RV10, 11 and 12 
are mounted on the tags of the joy- 
stick control potentiometers. 



Gimbal P 




Gimbal Q 



VIEW OF UNDERSIDE 
Fig. 48. 

JOYSTICK ASSEMBLY 
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PARTS LIST 
OUTPUT STAGE 



'Rl,2 




Min Res 100k 


*R3,b, 23,24,27, 32 


Win Res 3k3 


RA, 5, 7,8,11 




Min Res &80n 


•R9, 33,42,43 




Min Res 10k 


•^R10,20,30 




Min Res lk2 


•R12 




Min Res 12k 


A R13 




Min Res lOOn 


RU 




Min Res 2k7 


R15 




Min Res 27k 


' R16,25 




Min Res 150k 


•R17,19 




Min Res 220k 


•R18,31 




Min Res 47k 


•R21,28,29 




Min Res 22k 


R22 




Min Res 4.7ij 


*R26 




Min Res 68k 


R34 




Min Res 15f; 


R35 




Min Res 39c 


R36,37 




Std Res 13k 


R38,39 




Std Res 10 


#R40,41 




Min Res Ik 


RVl-5 




Pot Lin Ik 


RV6 




Pot Dual Lin 25k 


RV7 




Pot Lin 10k 


EV8,9 




Pot Log 10k 


feRV10,ll,12 




Vert S-Min Preset 
100k 


RV13 




Vert S-Min Preset 

47k 


^ RV14 




Vert S-Min Preset 
22k 


t Cl,16 




Polyester O.lnF 


C2, 3,9, 10, 13, 18, 


19, 




20,22 




Ceramic 33pF 


C4 




Tant 6.8mF 35V 


'C5 




Tant l^F 35V 


fC6 




Polyester 0.22uF 


>C7 




Polyester 0,047ijF 


^C8 




Polyester 0,O22i.F 


Cll 




Polystyrene 620pP 


C12,23,24,25,2G 




Tant 10, F 25V 


■> C14 




Axial 47^.F 25V 


*C15 




Tant 4.7i. K 35V 


'C.17 




Axial 470;.F lOV 


%C21 


iW- 


Polyester O.OImF 


«C2 7.28 p^^p^ 




Ql 




PN3643 


Q2 




MPS3b38 


Q3 




2N2219 


QA 




2N2905 


ICl-5,7-10 




LM301A 


IC6 




LM3S0 


|D1,2 




1N914 


Ll-5 




See Tables 


SW1,2 




Sub-Min Toggle A 


OLher 


Parts 


Required 


1 Output Stage PCB 




I Output Stage Mtg 


Bracket 


9 ISttwi Collet 


Knob 


Black 


5 ISirm Collet 


Cap C 


reeii 


3 15inm Collet 


Cap C 


rey 


1 ISmm Collet 


Cap \ 


el Low 


9 ISinm Collet 


Nut C 


over 


2 Bolt 6BA lAiti. 




2 Nut 6BA 






2 Shakeproof Washer 


6BA 


1 ■'I'pTing Line 






1 Joystick Pot 






1 Joystick Mtg 


Place 


2 Jack Skt Open 




1 Patchboard 






Patch Plugs 


(as required) 


1 Wafercon Socket 3 


-way 


1 Wafercon Soc 


ket a 


-way 


11 Wafercon Ter 


minal 


s 
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HOW IT WORKS 

OUTPUT MODULE 

This section can be broken into 
sections as follows. 
INPUT BUFFER 
EQUALIZER 
REVERBERATION 
OUTPUT AMPLIFIER 
HEAD PHONE AMPLIFIER 
JOYSTICK BUFFERS 
EXPONENTIAL CONVERTER 
The input buffer (ICl) has a 200 
kit input impedance and gives an 
attenuation of 6 dB (|), The 
attenuation is required to prevent 
clipping in the equalizer output 
stage. 

The output from the buffer is 
directly coupled to the input of the 
equalizer stage. This stage is a 
little unusual, since the equalizing 
networks are arranged to vary the 
negative feedback. If we consider 
one section with the others dis- 
connected, at the resonant fre- 
quency of the series LCR com- 
bination the impedance of the 
entire network will be equal to 
680 ohms. Either side of resonance 
the impedance of the network will 
increase (with a slope dependent 
on the Q of the network), due to 
uncancelled inductive reactance 
above resonance and uncancelled 
capacitive reactance below reson- 
ance. We can therefore represent 
the equalizer stage with equivalent 
circuits as reproduced below. 
These circuits consider only one 
network is in circuit, the input 
signal frequency is the resonant 
frequency of the network, and the 
resistance of the inductor is 
negligible^ 

With the slider of the potentio- 
meter at the top end (Fig. A) we 
have 680 ohms to the zero volt 
line from pin 2 of [C2. and a 1 k 
ohm between pin 3 and pin 2. 
The IC will act due to the feed- 
back to keep the potential between 
pins 2 and 3 virtually zero, thus 
there is zero current through RVl. 
The voltage on pin 3 (IC2) is 
therefore equal to the output of 
the mixer since there is virtually 
no current through and no voltage 
drop across R3. 

The output of IC2 in this case 
is approximately the input signal 
times (R6 + 680)/680 ohms, indi- 
cating a gain of about 15 dB. If 
the slider is at the other end of 
the potentiometer (Fig. B) the sig- 
nal appearing at pin 3 and thus 
also at pin 2 is about 0.2 of the 
output of the previous stage due 
to the voltage division of R3 and 
the 680n. There is still zero cur- 
rent through RVl and also zero 
current through R6 since there is 
no path. The output voltage is 
therefore the same as that at pin 
2. which happens to be about 0.2 
times the output of the previous 
stage. The gain is therefore 0.2 - 
or -13dB. 

With all networks in circuit, the 
maximuni boost and cut will be 
reduced, but a range of ±10 dB 
is still, available. With the wiper 
of the potentiometers set midway 
- Fig. C. the gain will be unity 
regardless of frequency, due to the 
symmetry of the entire network. 



The equalizer output is fed into 
the reverb drive circuit (IC3, Q3, 
04). The reverb is connected in 
the feedback of the IC in such a 
way that the drive is mostly 
constant current and not constant 
voltage. This drive method 
provides a mOrc uniform frequency 
response. The output of the 
reverb is a very low amplitude 
signal which is amplified by IC4'. 
The output of IC4 and the output 
of the equalizer (IC2) both go to 
RV6 which selects the percentage 
of each required. 

The final amplifier, IC5, ampli- 
fies the output of RV6 and applies 
it to RV8 which adjusts the out- 
put level to the main amplifier. 
The output of IC5 also goes to 
the headphone amplifier IC6 
(LM380). This IC will supply up 
to 1.5 watts into cither headphones 
or a ^all loudspeaker. 

The joystick simply provides 
two voltages which vary between 
and +5V. The horizontal axis 
has two potentiometers connected 
through a switch so that the range 
can be reversed and RV7 allows 
the range itself to be adjusted. 
Buffer amplifiers IC7 and IC8 
prevent loading of the control 
potentiometers. 

The exponential converter con- 
sists of IC9, Ql, Q2 and ICIO. 
The input signal is inverted and 
attenuated by IC9. Potentiometer 
RVl 3 adjusts the gain and RVl 4 
provides the required offset. The 
exponential relationship between 
the base-emitter voltage and col- 
lector current of a transistor (Ql) 
is used to provide the required 
law. Transistor Q2 provides tem- 
perature compensation. Note that 
Ql and Q2 must be glued together 
to provide intimate thermal con- 
tact (see photograph). The collec- 
tor current of Ql is converted into 
a proportional voltage thus provid- 
ing the input/output relationship 
detailed in Table 4 . 





Fig. B. Equivalent circuit of the equaiizer 
with the potentiometer set for maximum 
cut at the resonant frequency of the 
network. 




Fig. C. Equivalent circuit of the equalizer 
with the potentiometer set for unity 
gain regardless of frequency. 
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1 ^fiV3 J 


[ RVl 




y*^ 
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W 


T ^V9 ) 


\rV6 2 



Fig. A. Equivalent circuit of the 
equalizer with potentiometer set for 
maximum boost at the resonent 
frequency of the network. 



F ig. 51 . Wiring to output module \ 
potentiometers. 
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TABLE4. CALIBRATION 


EXPONENTIAL CONVERTER 


INPUT 


OUTPUT 


OV 


0.15625V * 


IV 


0.3125V 


2V 


0.625V 


3V 


1.25 V 


4V 


2.5V 


5V 


5V 


6V 


10V 



* adjust R VI 5 with OV input to obtain 0,156V output. 

** adjust RV14 with 5V input to obtain 5V output 

(note that these adjustments must be done in the above sequence), 

TABLE 5. WINDING DATA 
EQUALIZER CHOKES 

LI IH 1000 turns, EC Wire 38swg 

Ferrite Core Type 3 Core 
Former Type 3 Bobbin 

Clip(2 required) Type 3 Clips 

L2 0.35H 592 turns, EC Wire 36swg 

Core, Former and Clips as Ll 

L3 IOOthH 500 turns, EC Wire 38swg 

Ferrite Core Core Type 2 
Former Bobbin Type 2 

Clip (2 required) Clips Type 2 

L4 40mH 316 turns, EC Wire 38swg 

Core, Former and Clips as L3 

L5 lOmH 158 turns, EC Wire 36swg 

Core, Former and Clips as L3 



^t ■ ■ f' 



^^^m- 



Fig. 52. Short spring line 



The output modufe. 




C) 9 HOLES 9.6 mm DIA 
(3 1 HOLE 6 4 mm DtA. 
O ?HOI. FS1 iTimDIA 



Fig. 53. OhHing details of output 
modulB sub-panel. 
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The exponential converter transistors Q1 
and Q2 {arrowed} are giued together to 
ensure thermal balance. 




Fig. 54. The Joystick potentiometer. 



f^"¥*: 




Fig. 55. Long Spring tine 

Only one spring line is required. Either the short line shown in Fig. 53 or the long line shown in Fig. 55 may 
be used. The short line is approx. 206mm long and the long tine is approx. 432mm long. The short line gives a 
reverb time of 2.5 sees, and the long line gives a reverb time of 7 sees. 

External input module 



Using the external Input circuitry, 
other electronic instruments (such as 
an electric guitar) may be fed into the 
synthesizer modules In order to obtain 
new and different sounds. One of the 
two inputs has circuitry which 
generates trigger pulses from the 
external instrument's signal, thus 
allowing the transient generators to be 
triggered. 

CONSTRUCTION 

As with all other modules, a small 
aluminium bracket is used to support 
the printed circuit board, 
potentiometers and switches. The 
components should be mounted onto 
the printed circuit board in accordance 
with the component overlay Fig«58, 
taking care with the orientation of 
polarized components. 

The switches and potentiometers 
should then be wired as shown in Fig. 
57. The input sockets are mounted 
on the rear panel of the synthesizer. 



HOW IT WORKS - 
External Inputs 

The two preamplifiers for the 
external inputs are provided by a 
low-noise dual integrated circuit 
type LM381. A 50 k potentio- 
meter at the input allows attenua- 
tion of the input and sets the 
input impedance. 

The LM381 IC differs from the 
normal operational amplifier we 
have been using in that it uses a 
single power supply of +14 volts 
and, in that the output has to be 
biased to mid-voltage (7 to 8 V) 
by an external network - in our 
case R5 and R7. Gain of the 
amplifier is set by R7/'(R1 +R3) 
and, since R3 may be switched in 
or out, two gain ranges are avail- 
able. These are 56 dB and 32 dB 
(voltage gains of 630 and 40J. 
These, of course, are fully vari- 
able by means of the input poten- 
tiometer. 

The frequency response of the 
amplifiers is 20 Hz to 50 kHz rfO 
-3 dB. 



Input 1 is provided with a trig- 
ger facility. If the peak negative 
output falls below the voltage 
selected by RV3, the output of 1C2 
(acting as a comparator) will go to 
+6 volts and remain there whilst 
the RV3 voltage is exceeded. At 
all other times the output of IC2 
will be at 6 volts. 

During the positive excursion of 
IC2, C8 charges rapidly to +6 
volts and when IC2 goes negative 
again C8 discharges slowly via 
RT7 to —7 volts. Another com- 
parator, IC3, will have its output 
at —6 volts, if the voltage on C8 
is above volts, and at +6 volts 
if the voltage on C8 is below '0' 
volts. 

The envelope from a conven- 
tional instrument will usually 
have an initial attack period, a 
sustain period and then a decay. 
With this type of envelope the 
trigger will start high, go low 
whenever the envelope is greater 
than the preset level and then go 
high again. It will not respond to 
individual cycles due to the slow 
discharge of C8 by R17. The 
release time is about 20 milli- 
seconds. 
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EXT. TRIGGER 

PATCHBOARD 




EXTERNAL TRIQQER 
TO ENVELOPE AND 
TRANSIENT 1 AND 2. 




J... ^EXT. +UVQ 

c" J OUTPUT 



+7V 



<iaok 



Fig. 56. Grcuit diagfitm of 
external input module. 
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SPECIFICATION 




EXTERNAL INPUT MODULE 1 


Input levels 


2 mV-5 V rms 


Input Impedance 


50k 


Frequency response 




20 Hz-50 kHz 


+0-3dB 


Miximumgain 




high sensitivity 


56 dB 


low sensitivity 


34dB 


Triggir level 


adjustable to ^V 


Trigger release time 


approx 20 mS 



EXT. TRIGGER 

FROM 

PATCHBOARD. 




Fig. 57. Wiring to potBntiowMers and 
sm't(^s - external input module. 




Fig. 58. Component 
overlay — external 
input module. 
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Fig,59Dritlingdat»ilf 
for externalinput 
mounting bracket. 
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iWfiTi'Msr*: 




r/i« 0xt9ma/ input moduh mounted in position. 



Rl,2 






Min Res nOQ 


R3,4 






Min Res 12k 


R5,5 






Min Res 150k 


R7,a 






Min Res 560k 


R9,10,20 






Min Res 3k3 


RU,12,13 






Min Res 100k 


R14,15,18 






Min Res 10k 


R16.19 






Min Res IM 


R17 






Min Res 680k 


RVL,2 






rot Log 50k 


RV3 






Pot Hn 10k 


CL,3 






Tant IlF 35V 


C2, 4,10, 11, 12 






Tant lOcF 16 V 


C5,6 






Tant 4.7uF 25V 


C7,9 






Ceramic lOpF 


C8 






Polyester O.lnF 


ICl 






m38i 


IC2,3 






LM301A 


Dl 






1N914 


SW1,2,3 






Sub-Min Toggle A 


Other 


Part; 


5 Required 


X External 


Inputs 


PCB 


I Ext, I/P 


's 


Mtg Bracket 


3 13min Collet 


Knob Black 


1 15mm Collet 


Cap Yellow 


2 15nm Collet 


Cap 


Black 


3 ISm Collet 


Nut Cover 


2 Bolt 6BA 


l/4in. 




2 Nut 6BA 








2 Shakeproof Washer 6bA 


2 Jack Skt 


Open 




1 Wafercon 


Socket 


8 -way 


8 Wafercon 


Tei 


craina 


Is 



KEYBOARD 




Side view of the 
fieyboard showing 
how the gold-wire 
contacts are fitted. 




Underneath view of the keyboard showing how the wire fits to 
the SRBP. 



The keyboard is a 48-note F to E 
with flat-fronted hard-wearing 
plastic keys. The keyboard is 
ready-sprung and touch adjustable 



with hard steel pivots for long 
life and minimum side-slop. The 
whole keyboard is hinged along its 
length allowing it to be lifted at 



the front for access to the contacts. 

Contact blocks may be used, but 
these are quite expensive and since 
only one make contact is required per 
key, a simple but effective contact can 
be made using gold-clad phosphor- 
bronze wire. 

Cut a 6" X 4" piece of 0.1" matrix 
SRBP into five 0.8" x 6" pieces and 
mount each one on the keyboard by 
means of four Vi" No 4 self -tapping 
screws. These can be screwed into the 
holes provided In the keyboard chassis 
and the SRBP is held off the chassis 
using % in. long 6BA spacers. The 
screw holes in the SRBP should be 
made with an 1/8" drill bit. 

Cut two 2" pieces of gold clad wire, 
lay one end of one piece on the un- 
operated nylon key plunger and thread 
the other end through two or three 
holes in the SRBP board to hold it 
firmly in position. Fix the second 
piece of wire to the SRBP board in the 
same way so that its other end just 
reaches the key plunger. With a pair 
of wiring pliers put a 90^ bend in the 
wire about V*" from the plunger so 
that this wire lies across the first wire 
at 90O. Now gently bend the wire 
away from the straight wire until the 
point is reached where the first wire 
makes with it again when the key is 
depressed about two-thirds of its 
total travel. The ends of the wires 
can be left sticking up through the 
SRBP board to facilitate soldering to 
the leads going to the Keyboard Con- 
troller module. 
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MODUL^TCHBQARD'INTERWIRING 



MODULE 


INPUTS 


OUTPUTS 


DESTINATION 


MODULE 


INPUTS 


OUTPUTS 


DESTINATION 


Oscillator 1 


Input 


Output 


Patchboard 1H 
Mixer point 2 


Transient 1 


Key Output 
Ext. Trigger 
Key Trigger 


Output 


Patchboard 16V 
Ext. Input mod-10 
Patchboard 12V 
Patchboard 13V 


Oscillator 2 


Input 


Output 


Patchboard 2H 
Mixer point 4 


Transient 2 


Ext Trigger 
Key Trigger 


Output 


Ext. Inp. mod-10 
Patchboard 12V 
Patchboard 14V 


Oscillator 3 


Input 


Output 


Patchboard 3H 
Mixer point 6 


Oscillator 4 


Input 


Output A 
Output B 


Patchboard 4H 
Mixer point 8 
Mixer point 10 


VCFl 


Signal Inp. 
Control Inp. 


Output 


Patchboard 14H 
Patchboard 5 H 
Patchboard 7V 


Keyboard 
Controller 


Transient 2 
Patchboard 


Trig.Output 
Key Output. 
Mod Input 


Patchboard 14V 
Patchboard 11H 
Patchboard 12V 
Patchboard 16V 
Patchboard 17 V 


VCF2 


Signal Inp. 
Control Inp. 


Output 


Patchboard 15H 
Patchboard 6H 
Patchboard 8V 


Amp 1 


Signal Inp. 
Control Inp. 


Output 


Patchboard 16H 
Patchboard 7H 
Patchboard 9V 


Noise and 
Controller 


Controller 
Input 


Noise Output 
Noise Output 
Cont. Output 
Cont. Output 


Patchboard lOH 

Osc 46 selector 
Patchboard 11 V, 
Osc 46 selector 
Patchboard 20V 


Amp 2 


Signal Inp. 
Control Inp. 


Output 


Patchboard 17H 
Patchboard 8 H 
Patchboard 10V 


Output 
Module 


Input 1 
17 
19 
21 


Output 18 
Output 20 
Output SW1 
Output 22 
Phone Out. 


Patchboard 22H 
Horiz. Joystick 
Vert. Joystick 
Patchboard 9H 
Patchboard 18V 
Patchboard 19V 
Rear phone jack 
Patchboard 15V 
Phone jack 


Mixers 


2 
4 

B 

8 

10 

RV61 

RV62 

RV81 

RV82 


Output 1 
Output 2 
Output 3 
Output 4 
Output 5 


Osc 1 Output 
Osc 2 Output 
Osc 3 Output 
Osc 4 Output 
Osc 46 Output 
Patchboard 18H 
Patchboard 19H 
Patchboard 2QH 
Patchboard 21 H 
Patchboard IV 
Patchboard 2V 
Patchboard 3V 
Patchboard 4V 
Patchboard 5V 


External 
Inputs 


Ext. Input 1 
Ext. Input 2 
Ext. Trigger 
from patch- 
board 


Ext. 1 Out. 
Ext. 2 Out. 
Ext. Trigger 
(10) 
Out. 


Rear phone jack 
Rear phone jack 

Patchboard 12H 
Patchboard 21V 
Patchboard 22V 

Envelope 
Transient 1 
Transient 2 


Envelope 


Keyboard 
Output 
Ext. Output 
Key Trigger 
Signal 
Control 


Output 


Not used 

Ext. Input mod'10 
Patchboard 12V 
Patchboard. 13H 
Not used ext. 
Patchboard 6V 



Notes: The patchboard is numbered IH to 22H left to right and IV to 22V top to bottom. 



40 




COMPLETING THE 4600 SYNTHESISER 

Having finished making and setting-up 
the modules, fit them to the front panel 
using the potentiometer fixing nuts 
(where smaller holes are drilied in the 
front panel) to hold them. Pilot holes afe 
drilled in the ready-made woodwork to 
accept the screws for the hinges. Full 
details are supplied with the woodwork. 
The finished synthesiser may be table- 
mounted or legs can be fitted. Suitable 
legs are obtainable from most do-it- 
yourself shops, but check that the length 
of them suits the height at which you 
like to play. 



Tho synthesimr front panel was hinged to ailow ease of service. 



PHOTOGRAPHS IN THIS BOOK 

Except for the photographs of the joystick and spring 
lines and the cover photographs, the other photographs 
are of the original prototype and differ in some details 
from the parts now supplied. 

OTHER PARTS REQUIRED 

In addition to the parts shown in the parts lists 
through this book, the following are required:- 

1 4600 Front Panel 

1 4600 Rear Panel 

2 Hinges 

1 4600 Woodwork 

4 Bolt 6BA Vi" for mounting patchboard 

4 Nut 6BA 

4 6BA Shakeproof Washer 
If using the short spring-line space it from the 
woodwork with four small rubber grommets. 

Maplin Electronic Supplies are normally able to supply 
everything you need to build this synthesiser (including 
wire, mains cable, solder, tools etc.) except the wood 
screws you will need to mount the spring-line, 
transformer and power supply module. 

COME AND PLAY A 4600 SYITHESISER 

A working model of this synthesiser is usually on 
display in Maplin's shop at 284 London Road, Westcliff 
on-Sea, Essex, but occasionally it Is away for 
demonstration elsewhere. Therefore we strongly 
advise anyone wishing to come and try it out to 
telephone first, Southend (0702) 44101 to avoid 
disappointment. 
(Please ask for the shop when telephoning). 



ERRORS ON COMPONENT SCHEDULE 

We regret the following errors on the enclosed 

component schedule sheet. Please amend the sheet 

as follows. 

Two Mylar COOS^wF capacitors are required in the 

Keyboard Controller and no Carbonate 0.0056^F are 

required. 

The Maka Wafer required is a 1 pole 11-way not 12-way 
as stated. 

Four Maka Wafer 2 pole 5-way are required in the total 
not two as stated. 

This book has been painstakingly checked for errors, 
but in a project of this complexity it clearly Is 
possible for an error to be overlooked. If you find any 
errors please write to Maplin and we will publish the 
correction in our newsletter for the benefit of other 
constructors. 
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